AD-A067  6 A 7 WESTERN  UNION  TELEGRAPH  CO  MClEAN  VA  GOVERNMENT  SYS--ETC 

AUTODIN  II  MODE  VI  IADCCPI  LINE  CONTROL  PROCEDURES--ETC (U) 
MAY  70 

UNtLASS,F,fcD  SJIE-AD-E 100  108 


F/G  It/,' 


AUTODIN  II  MODE  VI  (ADCCP) 


LINE  CONTROL  PROCEDURES  FUNCTIONAL  SPECIFICATION 


DISTRIBUTION  STATEMENT  A 

Approved  for  public  release; 
Distribution  Unlimited 


• 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


•3  r 


SECURITY  CLASSIFICATION  OF  THIS  PACE  (Whon  Dote  Entorc<t) 


REPORT  DOCUMENTATION  PAGE 


TTreport  number 


3 Arp  READ  INSTRUCTIONS 

BEFORE  COMPLETING  FOR** 

2.  GOVT  ACCESSION  NO.  S-  RECIPIENT’S  CATALOG  NUMBER 


DCA  200-C-637-P001 | 

4.  TITLE  (mid  Submit) 

AUTODIN  II  Mode  VI  (ADCCP) 

Line  Control  Procedures  Functional 
Specification 

7.  AUTHOR!*.) 


S.  TYPE  OF  REPORT  A PERIOD  COVERED 


Final 


PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBER^ 


Western  Union  Telegraph  Company DCA  200-C-637 

PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  <0.  PROGRAM  EL 

Western  Union  Telegraph  Company  area  4 work 

Government  Systems  Division"' 

7916  Westpark  Drive,  McLean,  VA  22101 

11.  CONTROLLING  OFFICE  NAME  AND  AODRESS  12.  REPORT  OAT 

Defense  Communications  Agency  2 May  1? 

ATTN:  Code  450  is.  number  off 

Washington,  D.  C.  20305  43 

U.  MONITORING  AGENCY  NAME  4 ADDRESS^!/  tUUmlit  front  Controlling  Ollier)  IS.  SECURITY  CL 

Defense  Communications  Agency 

ATTN:  Code  450  TTNPT.A*?* 

Washington,  D.  C.  20305  I is«.  DECL  ASSlFII 

° SCHEDULE 

IS.  DISTRIBUTION  STATEMENT  (ol  till • Report)  ' ” 

Approved  for  public  release;  distribution  unlimited 


B 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4 WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

2 May  1978 

is.  NUMBER  OF  PAGES 

43 

IS.  SECURITY  CLASS,  (ol  <4 la  report) 


UNCLASSIFIED 

ISa.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


17.  DISTRIBUTION  STATEMENT  (o  I the  ebmtrmct  an  farad  In  Block  20,  II  WMarnl  trom  Report) 

Approved  for  public  release;  distribution  unlimited 

It.  SUPPLEMENTARY  NOTES 

Review  relevance  five  years  from  submission  date 

lo 

It.  KEY  WORDS  (Ccntlnum  on  fTfmm  mldm  U n^emmamy  and  Idmntlfy  by  block  number) 

Data  Links,  Switching  Systems,  Telecommunication,  Data  Communica- 
tions Protocol,  Telecommunication  Systems,  Data  Communication 
System,  Telecommunication  Links , AUTODIN  II 

24  ABSTRACT  fr-IINn.  — rarataa  d*  t nawwny  and  MnilUK  kp  Mock  nmtar) 

— ^>This  document  provides1 -the  functional  specification  for  AUTODIN  I] 
Mode  VI  line  control  procedures.  This  line  control  is  a subset  of 
the  Proposed  American  National  Standard  for  Advanced  Data  Communi- 
cation Control  Procedures  (ADCCP)  as  described  in  X3534/589  Draft 
6 Revision  2.  It  serves  as  an  implementation  guide  for  AUTODIN  II 
software  designers,  and  provides  implementatioiv>£_,related  details 
which  are  not  addressed  in  the  standard.  It  delineates  those  are* 
where  the  AUTODIN  II  implementation  of  ADCCP  differs  from  the  stai 


DO  /jSTt,  mh  EDITION  or  • NOV  BE  IB  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whmi  Dole  Bnlered) 

03  30  053 


L 


i 

i 


> 


I 


TABLE  OF  CONTENTS 


1.1 

INTRODUCTION 

1 

2.1 

AUTODIN  II  ADCCP 

1 

3.1 

FRAME  FORMAT 

1 

3.2 

SUPPORTED  OPTIONS 

4 

3.3 

COMMANDS 

4 

3.4 

RESPONSES 

7 

3.5 

COMMAND/RESPONSE  SUMMARY 

9 

4.1 

SELF-TEST  MODE 

9 

5.1 

INITIALIZATION  REQUIREMENTS 

10 

6.1 

ACKNOWLEDGEMENT  REQUIREMENTS 

11 

7.1 

EXCEPTION  CONDITIONS  AND  ERROR  RECOVERY 

12 

8.1 

TIMING  AND  SYNCHRONIZATION 

17 

9.1 

DETAILED  FUNCTIONAL  DESCRIPTION 

19 

APPENDIX  A:  X3534/589  ADCCP  DRAFT  6 

REVISION  2 

] 

■ 


1 

I 

i 

i 

I 

I 

i 


! 


ACCESSION  for 

NT  IS  Whits  Section 

DOC  Buff  Section 

UNANNOUNCED 

JUSTIFICATION  


BY 

DISTf.il!'.!! 

-- 

Dist. 

>v  *u 

SftCIAL 

ft 

□ □ 


1 


1 . 1 INTRODUCTION  | 

This  document  provides  the  functional  specification  for  AUTODIN  II 
Mode  VI  line  control  procedures.  This  line  control  is  a subset  of  the  * 

Proposed  American  National  Standard  for  Advanced  Data  Communications 
Control  Procedures  (ADCCP)  as  described  in  X3S34/589  Draft  6 Revision  2, 

11  August  1977,  hereafter  referred  to  as  the  "standard."  Users  of  this 
document  should  be  familiar  with  the  standard. 

The  remaining  sections  of  this  document  serve  as  an  Implementation 
guide  for  AUTODIN  II  software  designers  and  provide  implementation-related 
details  which  are  not  addressed  in  the  standard.  In  addition,  it  delineates 
those  areas  where  the  AUTODIN  II  implementation  of  ADCCP  differs  from 
the  standard.  This  document  serves  as  the  definitive  source  for  the  AUTODIN 
II  ADCCP  functional  design;  it  supersedes  all  previous  documents  concerning 
AUTODIN  II  Mode  VI  (ADCCP)  line  control  procedures.  Deviations  from 
the  standard  are  permitted  only  in  those  cases  explicitly  addressed  in 
this  specification. 

I 

2.1  AUTODIN  II  ADCCP 

AUTODIN  II  ADCCP  uses  the  Balanced  Asynchronous  (BA)  class  of  proce- 
dures. The  basic  mode  of  operation  is  Asynchronous  Balanced  Mode  (ABM) 
with  all  stations  supporting  Two-Way  Simultaneous  (TWS)  Operation.  In 
addition,  optional  functions  1,  4,  7,  8,  and  10  as  described  in  Section  11.2 
of  the  standard  are  supported.  The  ADCCP  frame  format,  commands,  responses, 
and  optional  functions  implemented  in  the  AUTODIN  II  system  are  discussed 
in  the  succeeding  paragraphs;  additional  detail  concerning  BA,  ABM,  and  TWS 
may  be  found  in  Sections  2 and  11  of  the  standard. 

3.1  FRAME  FORMAT 

ADCCP  transmissions  are  packaged  into  distinct  sets  of  binary  data  called 
frames.  Each  frame  contains' the  following: 
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• Flag  Sequence  (beginning) 

• Address  Field 

• Control  Field 

• Information  Field 

• Frame  Check  Sequence 

• Flag  Sequence  (ending) 

3.1.1  Flag  Sequence 

This  is  a single  octet  field  which  always  contains  the  binary  value 
01111110.  Each  frame  must  be  bounded  by  Flag  sequences  and  there  must 
be  two  or  more  of  these  sequences  between  frames.  The  ending  Flag  sequence 
of  a frame  may  not  serve  as  the  beginning  Flag  sequence  of  the  succeeding 
frame.  If  the  Flag  sequence  occurs  in  other  fields,  the  zero  bit  insertion 
technique  described  in  the  standard  is  used  to  Insure  transparency. 

3.1.2  Address  Field 

This  field  contains  the  address  of  either  the  local  or  remote  station 
and  is  used  by  the  receiving,  station  to  identify  incoming  frames  as  either 
command  or  response  frames.  The  address  field  in  a command  frame  contains 
the  address  of  the  remote  (receiving)  station;  the  address  field  in  a 
response  frame  contains  the  address  of  the  local  (transmitting)  station. 

There  are  two  addressing  formats:  Basic  and  Extended.  The  Basic 
addressing  format  requires  an  address  space  of  one  octet,  thereby  allowing 
a maximum  of  255  unique  addresses  per  station.  The  Extended  addressing 
format  allows  two  octets  in  the  address  field  to  provide  additional  addressing 
space  for  special  applications.  Optional  function  7 (see  Paragraph  3.2) 
Implements  the  Extended  addressing  format. 

AUTODIN  II  links  using  ADCCP  control  will  be  configured  using  Basic 
addressing.  Extended  addressing  is  Included  to  provide  for  future  growth 
and  will  not  be  used  unless  there  is  a valid  requirement. 

The  two  addressing  formats  are  mutually  exclusive,  l.e.  on  any  particular 
link,  the  addressing  format  used  must  be  either  Basic  or  Extended;  a link 
may  not  alternate  between  Basic  and  Extended  addressing. 
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3.1.3  Control  Field 
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This  field  contains  link  control  information  such  as  commands, 
responses,  and  send/receive  sequence  number  information.  AUTODIN  II  links 
using  terrestrial  transmission  paths  use  the  Basic  Control  field  format 
consisting  of  one  octet  of  information.  AUTODIN  II  links  using  satellite 
or  other  types  of  transmission  media  possessing  long  propogatlon  delays 
use  the  Extended  Control  field  format  described  in  Optional  function  10 
of  the  standard.  The  Basic  Control  field  format  uses  Modulo  8 sequence 
numbering;  Extended  Control  field  format  uses  Modulo  128  sequence  numbering. 


The  Basic  and  Extended  Control  field  formats  are  mutually  exclusive. 

Links  will  use  either  Basic  or  Extended  Control  field  formats  and  will  not 
have  the  capability  to  alternate  between  the  two  formats. 

3. 1.3.1  Extended  Address/Control  Field  Implementation  Rules 

In  AUTODIN  II  ADCCP,  the  address  and  control  fields  are  extended  together, 
i.e.,  if  the  extended  address  field  is  implemented,  the  extended  control  field 
must  also  be  implemented  and  vice  versa.  Extended  address  fields  will  be  two 
bytes  long;  extended  control  fields  will  also  be  two  bytes  long.  No  other 
format  is  permitted. 

3.1.4  Information  Field 

This  field  contains  the  actual  Information  being  transmitted  over  a 
link.  The  field  size  is  variable  and  ranges  from  zero  to  a maximum  of 
5072  bits  on  access  lines  and  5168  bits  on  backbone  links.  The  content  of 
this  field  is  transparent  at  the  ADCCP  level. 
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3.1.5  Frame  Check  Sequence 

The  Frame  Check  Sequence  (FCS)  field  used  in  AUTODIN  II  deviates  from 
that  defined  in  the  standard.  It  is  based  on  a 32nd  degree  polynomial 
and  occupies  four  octets  (32  bits)  rather  than  the  two  octet  FCS  given  in 
the  standard.  The  polynomial  X32  + X26  + X23  + X22  + X16  + X12  + X11  + X10  + X8  + 
X2+X*  + X*+X2+X+l  is:  .used  as  a divisor  for  the  FCS.  This  provides 
an  undetected  error  probability  of  at  least  2 and  burst  error  detection 
of  up  to  32  bits. 
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3.2  SUPPORTED  OPTIONS 

AUTODIN  II  ADCCP  supports  the  following  Optional  functions: 

• Option  1 - provides  the  ability  for  stations  to  exchange 
Identification 

• Option  4 - provides  the  ability  to  exchange  information  fields 
without  changing  the  send  and  receive  sequence  number  variables 

• Option  7 - provides  extended  addressing 

• Option  8 - allows  Information  (I)  frames  as  commands  only 

• Option  10  - provides  extended  (modulo  128)  sequence  numbering. 

Further  details  concerning  these  options  are  contained  in  Section  11  of  the 
standard. 

3.3  COMMANDS 

AUTODIN  II  ADCCP  stations  generate  and  service  a subset  of  the  Balanced 
Configuration  command  repertoire  contained  in  the  standard.  In  addition, 
certain  commands  needed  to  support  Optional  functions  1,  4,  and  10  are 
supported. 

3.3.1  Information  (I)  Command 

I frames  are  considered  commands  when  they  contain  the  address  of 
the  remote  station.  In  AUTODIN  II,  all  I frames  are  sent  as  commands. 
Optional  function  8 Is  Implemented  on  all  AUTODIN  II  ADCCP  links. 

3.3.2  Supervisory  (S)  Commands 

AUTODIN  II  Implements  two  S commands  to  perform  supervisory  link 
control. 

3.3.2. 1 Receiver  Ready  (RR)  Command 

The  RR  command  Is  used  to  solicit  a response  from  the  remote  station 
while  Indicating  that  the  receiver  is  ready  at  the  local  station.  In  the 
AUTODIN  II  system,  all  RR  consands  must  be  answered  with  either  an  RR  or 
Receiver  Not  Ready  (RNR)  response.  During  periods  of  link  inactivity, 

RR  or  RNR  commands  will  be  interjected  at  periodic  intervals  to  Insure 
that  the  link  Is  operating  ptoperly.  The  time  period  between  Initiation 
of  RR  commands  during  Inactive  periods  is  ulscussed  In  Section  8. 

3. 3. 2. 2 Receiver  Not  Ready  Command 

The  RNR  command  Is  used  to  solicit  a response  from  the  remote  station 
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while  indicating  the  local  station  receiver  is  busy.  In  the  AUTODIN  II 

i 

system,  all  RNR  commands  must  be  answered  with  an  RR  or  RNR  response. 

During  periods  of  link  inactivity,  RR  or  RNR  commands  will  be  interjected 
at  periodic  intervals.  This  procedure  is  discussed  further  in  Section  8. 

3.3.3  Unnumbered  (U)  Commands 

AUTODIN  II  supports  four  U commands. 

3. 3. 3.1  Mode-Setting  Commands 

There  are  two  U commands  which  perform  mode  setting  functions  in 
the  AUTODIN  II  system. 

j 3. 3. 3. 1.1  Set  Asynchronous  Balanced  Mode  (SABM)  Command 

I 

The  SABM  command  Instructs  the  receiving  station  to  reset  all  receive 
and  transmit  parameters  and  prepare  to  respond  in  the  asynchronous  balanced 
mode.  Since  AUTODIN  II  links  always  operate  in  the  asynchronous  balanced 
mode,  the  SABM  serves  only  as  a reset.  Upon  receipt  of  an  SABM  command, 
the  send  and  receive  sequence  number  variables  are  set  to  zero,  existing 
error  conditions  are  cleared,  and  the  sequence  number  of  the  next  expected 
J frame  is  zero. 

SABM  commands  are  acknowledged  via  the  Unnumbered  Acknowledgement  (UA) 

I 

response, 

| 

3. 3. 3. 1.2-  Set  Asynchronous  Balanced  Mode  Extended  (SABME)  Command 

The  SABME  command  performs  the  same  functions  as  the  SABM  command  for 
those  links  which  require  the  use  of  Optional  function  10  (extended  control 
field) . 

Receipt  of  an  SABME  command  by  a station  which  does  not  support 
Optional  function  10  will  result  in  the  generation  of  a Frame  Reject  (FRMR) 
response. 

SABME  commands  are  acknowledged  by  the  UA  response  using  the  extended 
control  field  format. 
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3. 3. 3. 2 Information  Transfer  Commands 

AUTODIN  II  ADCCP  supports  one  U format  information  transfer  command. 

3. 3. 3. 2.1  Unnumbered  Information  (UI)  Command 

The  UI  command  permits  the  exchange  of  Information  fields  without 
sequence  number  accountability.  It  supports  Optional  function  4. 

UI  commands  are  acknowledged  by  either  UA,  UI  or  RNR  responses. 

If  a UI  command  with  the  P bit  set  is  received,  the  next  higher  level 
of  protocol  is  notified  that  a UI  response  is  required. 

The  UI  command  will  be  implemented  on  a per  link  basis  within  the 
AUTODIN  II  system  and  is  not  considered  part  of  the  basic  ADCCP  service. 

3. 3. 3. 3 Recovery  Commands 

AUTODIN  II  ADCCP  supports  one  U format  recovery  command. 

3. 3. 3. 3.1  Reset  (RSET)  Command 

The  RSET  command  causes  the  receiving  station  to  reset  all  receive- 
related  parameters.  Upon  receipt  of  this  command,  the  receive  sequence 
number  variable  is  set  to  zero,  all  existing  receive  error  conditions  are 
cleared,  and  the  sequence  number  of  the  next  expected  frame  is  zero. 

RSET  commands  are  acknowledged  with  a UA  response. 

The  primary  use  of  the  RSET  command  within  the  AUTODIN  II  system  is 
during  frame  sequence  number  error  recovery.  This  is  treated  in  detail 
in  Section  7. 

3. 3. 3.4  Miscellaneous  Commands 

AUTODIN  II  ADCCP  supports  one  U format  miscellaneous  command. 

3. 3. 3.4.1  Exchange  Identification  (XID)  Command 

This  command  implements  a subset  of  Optional  function  1.  It  permits 
the  exchange  of  identification  information  between  two  stations.  It  is 
Included  solely  for  dial-in  support  and  is  not  implemented  on  Mode  VI 
SIP-to-SCM  links  or  on  SCM-to-SCM  interswitch  links. 


XID  commands  will  be  acknowledged  via  XID  responses. 

The  XID  command  is  not  considered  part  of  the  basic  AUTODIN  II  ADCCP 
service  and  will  be  implemented  on  an  as-required  basis  for  dial-in  links. 

3. A RESPONSES 

AUTODIN  II  ADCCP  stations  generate  and  react  to  a subse^of  the  Balanced 
configuration  response  repertoire  contained  in  the  standard.  In  addition, 
certain  responses  needed  to  support  Optional  functions  1 and  4 are  implemented. 

3.4.1  Supervisory  Responses 

AUTODIN  II  implements  two  S responses.  They  are  used  to  acknowledge 
I command  frames  in  certain  instances,  acknowledge  receipt  of  S commands, 
and  report  certain  error  conditions. 

3.4. 1.1  Receiver  Ready  Response 

RR  responses  are  used  to  report  the  non-busy  status  of  a receiving 
station.  They  also  acknowledge  receipt  of  all  I command  frames  having 
sequence  numbers  less  than  that  reported  as  the  next  send  sequence  number 
in  the  RR  response  frame  control  field.  If  a receiving  station  is  not 
transmitting  I command  frames,  the  RR  response  is  used  to  acknowledge 
receipt  of  I frames,  provided  the  receiving  station  is  non-busy.  RR  responses 
are  also  required  as  acknowledgements  for  RR  or  RNR  commands,  provided  the 
receiving  station  is  non-busy. 

3. 4. 1.2  Receiver  Not  Ready  Response 

RNR  responses  are  used  to  report  the  busy  status  of  a rec-'ving  station. 
They  also  acknowledge  receipt  of  all  I command  frames  having  sequence 
numbers  less  than  that  reported  as  tha  next  send  sequence  number  in  the 
RNR  response  frame  control  field.  If  a receiving  station  is  not  transmitting 
I command  frames,  the  RNR  response  is  used  to  acknowledge  receipt  of  I 
frames,  provided  the  receiving  station  is  busy.  RNR  responses  are  also 
required  as  acknowledgements  for  RR  or  RNR  commands,  provided  the  receiving 
station  is  busy. 
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3. A. 2 Unnumbered  Responses 

AUTODIN  II  ADCCP  supports  four  unnumbered  responses. 

3. A. 2.1  Information  Transfer  Response 

AUTODIN  II  ADCCP  supports  one  U format  information  transfer  response. 

3. A. 2. 1.1  Unnumbered  Information  Response 

The  UI  response  permits  the  exchange  of  information  fields  without 
sequence  number  accountability  and  is  used  in  conjunction  with  the 
(see  Paragraph  3. 3. 3. 2.1)  to  provide  support  for  Optional  function 
UI  response  is  generated  by  the  next  higher  level  of  protocol  if  a 
frame  with  the  P bit  set  is  received. 

Optional  function  A (UI  command /response)  will  be  implemented 
link  basis  within  the  AUTODIN  II  system  and  is  not  considered  part 
ADCCP  service. 

3. A. 2. 2 Miscellaneous  Responses 

AUTODIN  II  ADCCP  supports  two  miscellaneous  responses. 

3.A.2.2.1  Exchange  Identification  Response 

This  response  Is  sent  to  acknowledge  receipt  of  an  XID  command  frame. 

It  is  included  to  provide  support  for  Optional  function  1 and  is  intended 
to  support  dial-in  links  (see  Paragraph  3.3.3.A.1). 

The  request  Disconnect  (RD)  response  listed  in  the  standard  for  Optional 
function  1 is  not  used  in  AUTODIN  II. 

3. A. 2. 2. 2 Unnumbered  Acknowledgement  Response 

UA  responses  are  used  to  acknowledge  receipt  of  SABM,  SABME,  UI,  and 
RSET  commands. 

3.A.2.3  Error  Recovery  Response 

AUTODIN  II  supports  one  error  recovery  response. 

! . 

3.A.2.3.1  Frame  Reject  Reponse 

The  FRMR  response  is  used  to  report  error  conditions  which  are  not 
recoverable  by  retransmission  of  the  errored  frame.  FRMR  is  generated  by  the 
following  conditions: 


UI  command 
A.  The 
UI  command 

on  a per 
of  the  basic 


U':  . r / 
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• Receipt  of  an  invalid  command  or  response 

• Receipt  of  an  I or  UI  frame  which  contains  an  information  field 
which  exceeds  the  maximum  length 

further  details  concerning  implementation  of  the  FRMR  response  are 
given  in  Section  7 of  the  standard  and  Section  7 of  this  document  - 

3.5  COMMAND/RESPONSE  SUMMARY 


Mode  VI  links  which  do  not  support  Optional  function  10  will  generate  FRMR 
responses  for  SABME  commands. 

ADCCP  commands  and  responses  which  will  be  supported  on  a per  link 
basis  and  are  considered  enhanr  ‘tents  to  the  basic  repertoire  are: 


Command 

Valid  Responses 

UI 

UA,  UI,  RNR,  FRMR 

XID 

XID,  FRMR 

Mode  VI  links  which  do  not  support  these  enhancements  will  generate  FRMR 
responses  for  the  XID  and  UI  con^ands. 

4.1  SELF-TEST  MODE 

All  AUTODIN  II  ADCCP  stations  are  capable  of  operating  in  the  Self-Test 
mode  upon  command  from  the  higher  level  protocol.  Self-Test  Mode  is  defined 
as  "loop  back"  operation,  i.e.,  data  sent  by  the  local  station  transmit 
logic  will  "loop  back”  to  the  receive  logic. 
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Given  an  ADCCP  controlled  link  AB  with  ADCCP  station  A at  one  end  and 
ADCCP  station  B at  the  other  end,  Self-Test  mode  can  be  described  as  follows: 

• In  the  "normal" mode  of  operation,  when  station  A sends  a command  to 
Station  B,  the  command  frame  will  contain  B in  the  address  field. 
However,  in  the  Self-Test  mode  this  command  frame  will  appear  to  be 
a response  frame  from  station  B to  station  A. 

• In  the  "normal"  mode  of  operation,  when  station  A sends  a response 
to  station  B,  the  response  frame  will  contain  an  A in  the  address 
field.  However,  in  the  Self-Test  mode  this  response  frame  will 
appear  to  be  a command  frame  from  station  B to  station  A. 

• It  can  be  stated,  when  a station  is  in  Self-Test  mode  a command 
will  appear  to  be  a response  and  a response  will  appear  to  be  a 
command . 

An  AUTODIN  II  ADCCP  station  operating  in  Self-Test  mode  is  also  considered 
to  be  off-line  and  will  discard  frames  received  from  the  remote  station. 

5.1  INITIALIZATION  REQUIREMENTS 

The  higher  level  protocol  may  initialize  AUTODIN  II  ADCCP  links  by 
requesting  that  the  local  ADCCP  station  transit  an  SABM(E)  command.  Upon 
acceptance  of  the  request,  the  local  ADCCP  station  will  transmit  the  SABK(E) 
at  the  earliest  opportunity  and  notify  the  higher  level  protocol  that  link 
initialization  is  in  progress.  All  service  requests  from  the  higher  level 
protocol  will  then  be  denied  until  the  local  ADCCP  station  receives  a UA 
response  to  the  SABM(E)  command.  Upon  receipt  of  the  UA  response,  the  local 
ADCCP  station  will  initialize  its  variables  and  data  structures;  the  local 
send  and  receive  sequence  number  variables  will  be  set  to  zero,  and  the 
higher  level  protocol  will  be  Informed  that  the  link  is  initialized  and  normal 
operations  may  commence. 
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6.1  ACKNOWLEDGEMENT  REQUIREMENTS 


i 

i 
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AUTODIN  ADCCP  stations  acknowledge  receipt  of  error-free  command  frames 
without  waiting  for  a stimulus  from  the  transmitting  station.  At  the  ADCCP 
level,  the  state  of  the  P bit  does  not  have  any  significance.  The  F bit 
In  all  response  frames  assumes  the  state  of  the  P bit  in  the  command  frame 
which  provoked  the  response. 

6.1.1  Information  Frame  Acknowledgement 

. ^Acknowledgement  of  I frames  is  accomplished  by  one  of  two  methods. 

These  are: 

• Updating  the  N(R)  count  in  an  outgoing  I frame.  If  the  station  is 
currently  transmitting  I frames,  the  updated  N(R)  count  is  Inserted 
in  the  next  outgoing  I frame. 

• Generating  an  RR  or  RNR  response  containing  the  updated  N(R)  count 
in  the  case  where  the  station  has  no  I frames  to  transmit. 

In  either  case,  the  N(R)  count  acknowledges  all  I frames  having  sequence 
numbers  up  to  and  including  N(R)  - 1. 

ADCCP  stations  using  the  Basic  Control  field  format  can  send  a maximum 
of  seven  I frames  prior  to  acknowledgement.  Those  using  the  Extended  Control 
field  format  can  6end  a maximum  of  127  I frames  prior  to  acknowledgement.  In 
either  case,  however,  the  actual  number  of  I frames  sent  prior  to  acknowledge- 
ment can  be  decreased  if  existing  station  resources  will  not  support  the 
preceding  values.  Once  set,  however,  this  parameter  remains  constant  and 
cannot  be  changed  via  ADCCP  level  commands. 

6.1.2  Supervisory  Frame  Acknowledgement 

AUTODIN  II  ADCCP  requires  that  all  S command  frames  be  acknowledged  by 
an  S response  frame.  Only  one  S command  may  be  outstanding  at  any  one  time. 

i 

Stations  do  not  queue  S commands  at  the  ADCCP  level. 

6.1.3  Unnumbered  Frame  Acknowledgement 

All  U command  frames  are  acknowledged  by  generating  a UA  response  at 
the  earliest  opportunity.  Only  one  U command  may  be  outstanding  at  any 
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one  tine.  Stations  do  not  queue  U commands  at  the  ADCCF  level. 


6.1. A Miscellaneous  Frame  Acknowledgements 


The  miscellaneous  command  XID  is  acknowledged  via  an  XID  response.  Only 
one  XID  command  may  be  outstanding  at  any  one  time. 


7.1  EXCEPTION  CONDITION  AND  ERROR  RECOVERY 


ADCCP  level  exception  condition  reporting  and  error  recovery  procedures 
are  discussed  in  the  following  paragraphs.  AUTODIN  II  ADCCP  uses  the  Time- 
Out  Recovery  method  described  in  Section  8 of  the  standard  to  initiate 
recovery  procedures.  The  Reject  (REJ) , Selective  Reject  (SREJ),  and  Check- 
point recovery  methods  discussed  in  the  standard  are  not  implemented. 


7.1.1  Busy  Condition 


A busy  condition  occurs  when  a station  temporarily  cannot  receive  or 
continue  to  receive  I frames  due  to  internal  constraints,  e.g.,  receive 
buffer  limitations.  The  busy  condition  is  reported  by  transmission  of  an 
RNR  response  frame  with  the  N(R)  of  the  next  I frame  that  is  expected. 


Upon  receipt  of  an  RNR  response,  the  transmitting  station  will  generate 
either  an  RR  or  RNR  command.  The  transmitting  station  will  continue  sending 
the  RR  or  RNR  command  until  the  busy  condition  clears  (an  RR  response  is 
received) . 


7.1.2  Frame  Check  Sequence  Error 


All  frames  which  contain  FCS  errors  are  discarded  by  the  receiving 
station  and  no  further  processing  occurs. 


7.1.3  Frame  Sequence  Number  Errors 


I frames  having  sequence  number  errors,  i.e.,  N(S)  is  not  equal  to  the 
R variable  of  the  receiving  station,  will  be  discarded  after  the  N(R)  value 
is  extracted  from  the  frame.  Since  the  I frame  does  not  have  an  FCS  error, 
the  N(R)  information  Is  assumed  to  be  valid. 


7.1.4  Time-Out  Recover) 


AUTODIN  II  ADCCP  requires  that  various  response  timers  be  maintained  at 
each  transmitting  station  in  order  to  implement  the  Time-Out  Recovery. 


7. 1.4.1  Unnumbered  Command  Timer 


This  timer  Is  started  when  a U command  Is  sent.  If  a valid  response  is 
not  received  prior  to  expiration  of  the  timer,  the  command  is  retransmitted. 

If  the  command  is  sent  three  times  without  a response,  the  next  higher  level 
of  protocol  is  notified.  The  ADCCP  level  will,  however,  continue  to  retransmit 
the  command  until  told  otherwise  by  the  next  higher  level  of  protocol. 

The  optimal  U timer  Interval  is  dependent  on  particular  link  characteristics 
such  as  transmission  speed  and  distance.  As  a general  rule,  the  U timer  value 
should  be  determined  using  the  following: 

• Mean  U command  frame  transmission  time 

• Mean  U response  frame  transmission  time 

• Mean  U response  generation  time 

• Propagation  delays 

• Some  delta  value  which  can  be  varied  in  order  to  arrive  at  an  optimal  - 
U timer  value  for  each  particular  link. 

7. 1.4. 2 Supervisory  Command  Timer 

This  timer  is  started  when  an  S command  is  sent.  If  a valid  response  is 
not  received  prior  to  timer  expiration,  the  command  is  retransmitted.  If 
the  command  is  sent  three  times  without  a response,  the  next  higher  level  of 
protocol  is  notified.  The  ADCC?  level  will,  however,  continue  to  retransmit 
the  command  until  told  otherwise  by  the  next  higher  level  of  protocol. 

The  optimal  S timer  interval  is  dependent  on  particular  link  character- 
istics such  as  transmission  speed  and  distance.  As  a general  rule,  the  S timer 
value  should  be  determined  using  the  following: 

a Mean  S command  frame  transmission  time 

• .Mean  S response  frame  transmission  time 

• Mean  S response  generation  time 

• Propagation  delays  i 

! • 
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• Some  delta  value  which  can  be  varied  in  order  to  arrive  at  an  optimal 
S timer  value  for  each  particular  link. 
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7. 1.4.3  Information  Frame  Timer 

This  timer  is  started  on  the  occurrence  of  one  of  the  following  conditions: 

e There  are  no  more  I frames  to  send 

e The  maximum  number  of  unacknowledged  I frames  have 
been  sent. 

If  the  timer  expires  and  the  I frames  are  still  outstanding  (unacknowledged) , 
the  appropriate  S command  frame  is  sent  to  solicit  an  acknowledgement  and 
the  S timer  is  started.  If  the  RR  or  RNR  command  is  transmitted  three  times 
without  a response,  the  next  higher  level  of  protocol  is  notified  of  this 
condition.  The  ADCCP  level  then  continues  to  send  the  RR  or  RNR  command 
until  Instructed  otherwise  by  the  higher  level  of  protocol. 

If  a response  to  the  S command  frame  is  received  prior  to  S timer 
expiration,  its  N(R)  will  satisfy  one  of  three  cases: 

a N(R)  acknowledges  all  outstanding  I frames 

a N(R)  acknowledges  a subset  of  the  outstanding  I frames 

a N(R)  is  unbelievable,  l.e.,  out  of  range. 

In  the  first  case,  the  error  recovery  is  successful  and  complete. 

The  outstanding  I frames  are  no  longer  candidates  for  retransmission  and 
are  purged.  Any  pending  I frames  are  assigned  sequence  numbers  starting 
with  the  value  of  N(R)  and  scheduled  for  transmission. 

In  the  second  case,  the  error  recovery  is  partial.  The  acknowledged 
I frames  are  purged  and  the  remaining  outstanding  I frames  are  scheduled 
for  transmission.  In  addition,  pending  I frames  may  also  be  scheduled 
for  transmission  at  this  time,  provided  that  the  maximum  outstanding 
frame  count  is  not  exceeded. 

In  the  third  case,  it  Is  assumed  that  the  remote  station  has  lost 
synchronization.  A RSET  command  is  sent  and  the  If  timer  is  started. 

If  a CA  response  is  received- prior  to  U timer  expiration,  the  outstanding 
I frames  are  assigned  new  sequence  numbers  starting  with  zero  and  normal 
I frame  transmission  resumes.  If  the  RSFT  command  is  sent  three  times 
without  receiving  a response,  the  next  higher  level  of  protocol  is  notified 
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that  the  RSET  has  failed.  The  ADCCP  level  then  sends  an  SABM  command  and 
starts  the  U timer.  If  the  SABM  is  sent  three  times  without  receiving 
a response,  the  next  higher  level  of  protocol  is  notified  that  the  SABM 
has  failed.  The  ADCCP  level  continues  sending  SABM  commands  until 
Instructed  otherwise  by  the  next  higher  level  of  protocol.  If  a response 
is  received  prior  to  the  third  U timer  expiration,  the  higher  level  of 
protocol  is  notified,  the  outstanding  I frames  are  assigned  new  sequence 
numbers  starting  with  aero,  and  normal  I frame  transmission  resumes. 
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The  optimal  I timer  value  is  dependent  on  particular  link  characteris- 
tics such  as  transmission  speed  and  distance.  In  addition,  the  distribution 
of  I frame  lengths  is  a contributing  factor.  The  I timer  value  must  be  of 
a long  enough  duration  to  Insure  that  excessive  retransmissions  do  not  occur 
due  to  acknowledgements  arriving  after  timer  expiration. 


I timer  values  should  be  determined  during  Installation  and  test  of 
AUTODIN  II  ADCCP-controlled  links  on  a per  link  basis. 


7.1.5  Frame  Relect  Conditions 


AUTODIN  II  ADCCP  stations  initiate  a FRMR  response  upon  receipt  of  an 
error-free  frame  (FCS  is  valid)  containing  the  following: 


• An  Invalid  command  or  response 

• An  I field  which  exceeds  the  maximum  length. 

• An  invalid  frame  format,  e.g.,  a frame  which  does  not  conform  to  the 
structure  implied  by  the  command/response  contained  in  its  control 


field. 


The  AUTODIN  II  ADCCP  Implementation  does  not  generate  an  FRMR  response 
to  frames  containing  invalid  N(R)  fields.  Recovery  from  this  condition  is 
discussed  in  Paragraph  7.1.6. 


Upon  receipt  of  an  FRMR,  an  indication  is  sent  to  the  next  higher  level 
of  protocol. 


Additional  details  concerning  the  FRMR  response  are  contained  in  Sections 


7.5. 3.1  and  8.4  of  the  standard. 


7.1.6  Invalid  N(R)  Resolution 


An  invalid  N(R)  is  defined  as  a number  which  points  to  an  I frame 
which  has  previously  been  transmitted  end  acknowledged,  or  to  an  I frame  which 
has  not  been  transmitted  and  is  not  the  next  sequential  I frame  pending 
transmission  (see  Section  7.5.3.1  of  the  standard). 


Receipt  of  a frame  containing  an  invalid  N(R)  implies  that  synchronization 
has  been  lost,  l.e.,  the  send  sequence  number  variable  S at  the  local  station 
does  not  match  the  receive  sequence  number  variable  R at  the  remote  station. 
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When  an  AUTODIN  II  ADCCP  station  receives  a frame  containing  an  invalid  N(R) 
value,  it  will  send  a RSET  command  to  the  remote  station  and  start  the  U 
timer.  If  the  RSET  command  is  acknowledged  prior  to  U timer  expiration, 
any  outstanding  I frames  are  assigned  new  sequence  numbers  starting  with  zero 
and  normal  I frame  transmission  resumes.  If  the  RSET  is  sent  three  times 
without  receiving  a response,  the  next  higher  level  of  protocol  is  notified 
and  the  ADCCP  level  sends  an  SABM  command.  If  the  SABM  command  is  sent 
three  times  and  no  acknowledgement  is  received,  the  next  higher  level  of 
protocol  is  notified.  The  ADCCP  level  continues  sending  the  SABM  until  told 
otherwise.  If  a response  to  the  SABM  is  received  prior  to  the  third  time- 
out, the  higher  level  of  protocol  is  notified,  any  outstanding  I frames  are 
assigned  new  sequence  numbers  starting  with  zero,  and  normal  I frame 
transmission  resumes. 

Additional  detail  concerning  the  RSET  command  is  contained  in  Section 
7.4.3  of  the  standard. 

7.1.7  Mode-Setting  Contention 

A mode-setting  contention  situation  exists  when  a station  Issues  a mode- 
setting command,  i.e.,  SABM  or  SABME  and  receives  a mode-setting  command 
from  the  remote  station  prior  to  receiving  the  proper  response  to  the  issued 
command.  In  the  AUTODIN  II  system,  this  contention  is  resolved  as  follows: 

a Each  station  sends  a UA  response  and  enters  the  Indicated  mode. 

8.1  TIMING  AND  SYNCHRONIZATION 

AUTODIN  II  ADCCP  uses  continuous  Flag  sequences  for  interframe  time 
fill,  frame  recognition  and  synchronization. 

8.1.1  Idle-Llnk  State 

AUTODIN  II  ADCCP  does  not  recognize  the  idle  link  time  fill  described 
in  Section  3.9  of  the  standard.  AUTODIN  II  ADCCP-controlled  links  operate 
only  in  the  Active  state  described  in  Section  3.8  of  the  standard. 

8.1.2  Abort  Sequence 

AUTODIN  II  ADCCP  stations  generate  and  recognize  the  abort  sequence 
described  in  Section  3.6  of  the  standard. 
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8.1.3  Inactive  Link  Timer 


i 

I 

AUTODIN  II  ADCCP  stations  maintain  a timer  which  monitors  link  activity. 

If  the  local  station  is  inactive,  l.e.,  sending  Flag  sequences  only  during 
the  Interval  of  the  timer,  a Supervisory  command  will  be  sent  upon  timer 
expiration  and  the  timer  will  be  restarted. 

The  interval  of  this  timer  must  be  greater  than  that  of  the  S command 
timer  discussed  in  Paragraph  7. 1.4. 2 and  S timer  expiration  will  cause  this 
timer  to  be  restarted  if  it  is  running. 

The  optimal  value  for  this  timer  interval  is  dependent  on  particular  j 

link  characteristics  and  should  be  determined  in  conjunction  with  the  S 
’ timer  interval  value  (see  Paragraph  7. 1.4. 2). 
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9.1  DETAILED  FUNCTIONAL  DESCRIPTION 

This  section  contains  a detailed  functional  description  of  AUTODIN  II 
ADCCP.  The  description  is  presented  as  a group  of  functional  modules,  each 
of  which  is  described  using  a high-level  structured  design  language.  It 
assumes  that  the  top  level  ADCCP  module  communicates  with  a higher  level 
protocol  module  and  a line  control  module  which  performs  basic  line  buffering 
and  transmit/receive  functions.  A pictorial  representation  of  these  inter- 
actions is  shown  in  Figure  9.1-1. 

For  purposes  of  this  description,  each  ADCCP  station  is  assumed  to 
contain  a transmitter,  a receiver,  and  a controller  which  coordinates  the 
actions  of  the  transmitter  and  receiver.  An  illustration  of  this  concept 
is  shown  in  Figure  9.1-2. 

9.1.1  Structured  Design  Language 

The  structured  design  language  consists  of  four  basic  constructs.  These 


• BEGIN  [procedurej 

• END  [procedurej 

• IF  [condition]  THEN  [action] 
ELSEIF  [condition]  THEN  [action 


(optional) 


ELSE  [action] 
ENDIF 

• CALL  [procedure] 


(optional) 


BEGIN  statements  are  used  to  delineate  the  beginning  of  a functional 
procedure;  END  statements  are  used  to  denote  the  end  of  a functional  procedure. 

IF  statements  are  the  main  vehicle  used  to  describe  the  AUTODIN  II  ADCCP 
functions.  Each  IF  statement  must  consist  of  at  least  the  following: 


• IF  [conditior]  THEN  [action]  ENDIF 


PgWfpwWWVai!'  i 


19 


TIMER 

SERVICES 


FIGU  l-l  ADCCP  Functional  Spec!?  Block  Diagram 


ADCCP  CONTROLLED  LINK  AB 


FIGURE  9.1-2  ADCCP  Station  Functional  Represent;! 


IF  statements  may  contain  any  number  of  ELSEIF  constructs.  Only  one 
ELSE  construct  may  be  present  and  it  must  immediately  precede  the  ENDIF 
keyword. 

CALL  statements  are  used  to  pass  control  to  subroutines  which  execute 
and  then  return  control  to  the  CALLing  routine  at  the  next  sequential  state- 
ment. 

9.1.2  ADCCP  Control  Processor  States 

The  ADCCP  Control  Processor's  reaction  to  stimuli  from  the  Higher  Level 
Protocol  or  Line  Control  Module  is  a function  of  the  existing  Control  Processor 
state.  The  Control  Processor  may  assume  the  following  states: 

• Normal 

• Acknowledgement  Required 

• Acknowledgement  Solicited 

• Reset  Outstanding 

• Set  Asynchronous  Balanced  Mode  (Extended)  Outstanding 

• Supervisory  Command  Lock 

• Unnumbered  Command  Lock 

The  Normal  state  indicates  that  no  exception  or  error  conditions  exist. 

The  Acknowledgement  Outstanding  state  indicates  that  the  information 
frame  transmission  queue  is  full,  i.e.,  the  maximum  allowed  number  of  informa- 
tion frames  are  outstanding. 

The  Acknowledgement  Solicited  state  indicates  that  the  Information  Frame 
Timer  has  expired  prior  to  reception  of  an  acknowledgement  for  outstanding 
information  frames. 

The  Reset  Outstanding  state  indicates  that  a RSET  command  has  been  sent 
back  but  not  yet  acknowledged. 

The  Set  Asynchronous  Balanced  Mode  (Extended)  Outstanding  state  indicates 

that  a SABM(E)  command  has  been  sent  but  not  yet  acknowledged. 

{ % 

The  Supervisory  Command  Lock  state  Indicates  that  a Supervisory  command 
has  been  transmitted  three  or  more  times  and  has  not  been  acknowledeed . 
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The  Unnumbered  Command  Lock  state  indicates  that  an  Unnumbered  command 


i 
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has  been  transmitted  three  or  more  times  and 


has  not  been  acknowledged. 


9.1.3  FlaR  Variables 

The  logical  flow  through  all  functional  procedures  is  controlled  by 
testing  the  value  of  certain  variables  which  are  used  as  flags,  or  switches. 
These  flag  variables  are  considered  active  when  set  and  inactive  when  reset. 


9.1.4  Data  Structures 


The  major  data  structure  referenced  in  the  functional  description  is 
the  Information  Frame  Transmission  Queue,  a First-In-First-Out  (FIFO)  queue 
which  holds  outstanding  I frames,  l.e.,  those  which  have  not  been  acknowledged 
by  the  remote  station.  I frames  are  placed  on  this  queue  by  the  Information 
Frame  Sender  module  and  removed  by  the  Information  Frame  Acknowledgement 
Processor  module. 


Other  significant  data  structures  which  are  either  referenced  or 
implied  by  the  functional  description  are: 

• Supervisory  Command  Frame  Buffer 

• Supervisory  Response  Frame  Buffer 

• Unnumbered  Command  Frame  Buffer 

• Unnumbered  Response  Frame  Buffer 

The  Supervisory  Command  Frame  Buffer  holds  S command  frames  waiting  for 
transfer  to  the  line  control  module.  Once  the  frame  is  transferred  to  the 
line  control  module,  the  buffer  is  released  since  S commands  can  change 
state  (RR  versus  RNR)  when  retransmitted  depending  on  the  conditions  at 
the  local  receiver. 


The  Supervisory  Response  Frame  Buffer  holds  S response  frames  waiting 
for  transfer  to  the  line  control  module.  Once  the  frame  is  transferred  to 
the  line  control  module,  the  buffer  is  released. 

The  Unnumbered  Command  Frame  Buffer  holds  U command  frames  waiting  for 
transfer  to  the  line  control'  module.  In  the  case  of  the  SABM(E)  and  RSET 
command  frames  this  buffer  may  be  released  since  these  frames  contain  no 
variable  data  and  may  be  easily  reconstructed  if  retransmission  is  necessary. 
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In  the  case  of  the  UI  and  XID  command  frames,  however,  the  frames  must  be 
held  In  the  buffer  for  possible  retransmission  since  their  information  content 
may  vary  as  determined  by  the  higher  level  protocol. 

The  Unnumbered  Response  Frame  Buffer  holds  U response  frames  waiting 
for  transfer  to  the  line  control  module.  Once  the  frame  is  passed  to  the 
line  control  module,  the  buffer  is  released. 

9.1.5  Functional  Procedures 


13.APC.7S 
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SCIXN  AOCCP  Control  Processor 

If  line  central  module  transmit  buffer  iviilibl*  signal  THEN 
IF  igotfvlio^v  frame  welting  for  trensml  salon  THEN 

insert  current  value  of  local  receive  variable  Into 
control  fleldy  eooy  frame  into  lino  central  module  buffary 
If  supervisory  commend  outstanding  flag  is  sot  Then 
ctart  sueervl aery  commend  timer 
ENOXF 

ELSCXF  unnumbered  command  frame  waiting  fen  transmission  THEN 
sooy  from#  into  lino  control  aodulo  transmit  buffery 
at ant  unnumbered  comma end  timer 

ELSCXF  unnumbered  resoenae  frem*  waiting  fen  transmission  THEN 
sooy  frame  Into  line  control  mgdule  tpansalt  buffer 
ELSE  IF  remote  receiver  nat  paady  flag. is  pasat  Then 

If  unnumbered  Information  fpaaa  waiting  fop  tpansaisslon  THEN 
IF  unnumbered  eoaaand  outstanding  flag  sat  Then 
staPt  unnuagapad  soaaand  timer 
ENOXF 

eooy  frame  into  llna  oontpol  aodulo  transalt  buffer 
ELSCXF  Information  fpaaa  waiting  In  infopaatlon  fpana 
tpansaisslon  ouaua  THEN  insapt  eyppant  valya  of 
local  receive  variable  Into  oontpol  flaldy  eooy 
fpaaa  into  lino  centre)  aodulo  transmit  buffer 
IF  Infopaatlon  fraaa  timer  Is  running  THEN 
rastart  Infopaatlon  frame  t(*ar 
ELSE  start  infopaatlon  fraaa  ti«er 
ENOIF 
ENOXF 
ENOXF 

ELSCXF  no  line  control  agoulo  raeelvo  buffer  available  signal  Then 
sat  local  racalvop  not  ready  flagy  sat  rasoonsa  raouirad 
flagy  sat  suoarylsory  rasoansa  ragulrad  flagy 
CALL  Transalt  Processor 

ELSEIF  lino  sontrol  module  racalva  buffer  aval  labia  signal  Then 
reaet  local  receiver  net  ready  flag 
ELSCXF  Information  fraaa  transalsaton  raguaat  from  higher  laval  oretoi 
IF  noraol  stats  THEN 

CALL  Transmit  Processor 

IF  Information  fraaa  acknowi adgamant  raouirad  flag  sat  Then 
enter  ac know 1 adgamant  raouirad  atata 
ENOXF 

sang  reouest  honor**  signal  to  higher  level  orotocol 
ELSE  sand  reouest  denied  sign*)  to  higher  level  orotocol 
ENOXF 

ELSCXF  Information  frame  t1*er  has  esol rad  THfN 
IF  normal  state  Then 

CALL  Tranamit  *rocessory 
enter  acknowi adgamant  sol  Id  tad  state 
ELSCXF  acknowledgement  raouirad  atata  T*en 
CALL  Transmit  Preeessory 
enter  acknowi adgamant  solicited  stats 
ENOXF 

ELSCXF  suoervlsory  command  timer  has  aaoirsd  Then 
IF  normal  or  acknowi adgamant  raouirad  state  Then 
Call  Transmit  Processor 

IF  no  suoopvIsopv  rasoansa  received  flag  Is  sat  Then 
enter  supervisory  command  lack  state* 
notify  higher  level  orotocol 
ENOXF 

ELSCXF  acknowledgement  solicited  stste  THEN 

eeeeeeeeeeeeee 
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CALL  Tranemlt  Procaaaor 

IF  no  unnnunbered  ngeponee  received  flag  aet  THEN 
enter  au eervlaery  command  leak  atatet 
notify  higher  level  protoeel 
ENOIF 
ENOIF 

CLSEIF  unnumbered  commend  timer  Hea  eaolred  THEN 
CALL  Tranemlt  Froeaaaor 

IF  no  unnumbered  reaeonea  raaalvad  flea  aet  THEN 
enter  unnumbered  command  lock  atatet 
notify  higher  level  protocol 
ENOIF 

IF  react  outatandlng  atata  Then 

IF  no  unnumbered  reaeonea  received  flag  la  aet  THEN 

enter  eavnchronoue  balanced  mode  (extended)  outatandlng 
atatet  notify  higher  level  protocol 
ENOIF 

CLSEIF  aet  aaynchronoue  balanced  mode  (extended)  outatandlng  etete  Then 
IF  no  unnumbered  reaoonae  received  flag  aat  THEN 
enter  unnumbered  command  lock  atatet  notify 
higher  level  protocol 
ENOIF 
ENOIF 

CLSEIF  unnumbered  commend  framo  trenenleelon  reaueat  from  hlgner 
level  protocol  then 

IF  nemel  or  acknowledgement  reoul  red  on 
acknowledgement  aolieltad  atata  Then 
CALL  Tranemlt  Froceaaort  aend  reouest  honored  algnal 
to  higher  level  oroteegl 

ELSE  aend  reaueat  denied  olgnel  to  higher  level  protocol 
ENOIF 

CLSEIF  unnumbered  reaoonae  frame  tranamlaalon  reoueat  from  higher 
level  protocol  Then 

IF  normal  or  acknowledgement  reoulred  or  acknowledgement  aolieltad 
atata  Then 

Call  Tranemlt  Froceeoert  aend  reaueat  honored  algnal  to 
higher  level  orotecol 

ELSE  aend  reaueat  denied  aignol  te  higher  level  protocol 
ENOIF 

CLSEIF  Initial (fatten  reoueat  frem  higher  level  protocol  THEN 
aet  gang  aet  aavnchroneue  balanced  mode  (extended)  command 
fleet  CALL  Tranemlt  ’roceeeorj  enter  aet  aaynchronoua 
balanced  mede  eutatandlng  atatet  aend  reoueat  honored 
alone)  to  higher  level  protocol 

CLSCI?  Inactive  link  timer  expiration  Then 
Call  Tranemlt  Froceaaer 

CLSEIF  frame  received  frem  remete  etetien  Then 
Call  deceive  Progeaear 
IF  reopenee  required  flag  aet  then 
CALL  Tranaolt  Proeeaaor 
CLSEIF  aend  cuoervleory  command  flag  aet  then 
CALL  Tranaolt  Proeeaaor 
CLSEIF  remote  receiver  reedy  flag  aet  Then 

CALL  Tranemlt  Proceeeerf  react  remote  receiver 
reedy  flag 

CLSEIF  frame  reject  reaoonae  reoulred  flag  aet  Then 
CALL  Tranemlt  Preceeoer 
CLSEIF  aend  react  command  flag  aet  Then 

IF  auoervlaery  command  owtetendlng  flag  aet  Then 
react  aend  react  cemmand  fleet 

aaaaaaaaaaaaaa 
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•ntop  aeknovl odgo»ont  loHeltid  atato 
EL9EIF  gnngnborod  ep*n9nd  outstanding  fl  ag  roast  THEN 
CALL  Tronanlt  Froeoasopf 
onto*  r»i*t  outstanding  atatot 
paaat  sand  roaat  eo»»and. f 1 agt 

• too  Infopnstlen  fpa*o  tlnopf 
notify  Mghop  lovol  opotoeol 

EN01F 

ELSEIF  frano  diaeapd  flag  aot  THEN 

dlacapd  fronot  poaot  frano  diaeapd  flag 

ELSEIF  frano  pojoet  paeolvod  Then 

IF  outstanding  fnfomatlon  frano  rojoetod  Then 
notify  hlgntp  lovol  opotoeol 
ELSEIF  ogtatandlng  auoorvlaory  fpa*o  pojoetad  THEN 
notify  Nlghop  lovol  protocol 
ELSEIF  ogtatanolng  unnunborod  frano  pojoetod  THEN 
notify  Hghon  lovol  opotoeol 
ENOIF 

ENOIF 

IF  aeknoglodgonont  poaulpod  atato  Then 

IF  ono  op  *opo  ogtatandlng  Infometlon  fronoa  havo 
boon  aevno«>1odcod  THEN 

onto*  nopnal  atatot  notify  MgHep  lovol  orotoeol  of 
ngnoop  of  f*oo  alota  In  Infomotlon  Iran  trananlaalen  ououo 
ENOIF 

ELSEIF  aeknowl odgonont  aolleltod  atato  Then 

IF  ono  op  *o*o  ogtatandlng  Infometlon  fpa«aa  Have 
boon  aevnev 1 ooood  then  ontop  *op*#i  atatot 
notify  nlqpon  lovol  OPOteeol  Of  ngnbor  of  fPoo 

• lota  In  information  fpa*o  translation  ouogo 
ENOIF 

ELSEIF  poaot  ogtatandlng  atato  then 

IF  poaot  eonnano  ogtatandlng  eomand  Hag  la  paaot  then 
onto*  nopnal  atatai  notify  Higher  lovol  opotoeol 
ELSE  diaeapd  frano 
ENOIF 

ELSEIF  aot  aavnenponoga  balanced  node  (oatondod)  ogtatandlng 
atoto  Then 

a*t  aaynenpongga  balaneod  mode  (oatondod)  eennand 
ogtatandlng  flag  la  poaot  then 
•ntOP  nopnol  atatot  notify  MgNop  lovol  opotoeol 
ELSE  diaeapd  frano 
ENOIF 

ELSEIF  agoopvlaopy  eonnano  leek  atato  then 

IF  agoopvlaopy  eo"«and  ogtatandlng  flag  u poaot  Then 
onto*  nopnal  atatot  notify  higher  lovol  opotoeol 
IF  ©no  op  »o*o  ogtatandlng  Infopnatlon  f pa*oa  have 

boon  acknowledged  Then  ngtlfv  higher  level  protocol 
of  f POO  alota  In  information  frano  trananlaalen 
ouogo 
ENpiF 

ELSE  dlaeopd  frano 
ENOIF 

ELSEIF  gnngnbopod  eo«nand  loea  atato  then 

IF  gnngnbopod  eo**ond  ogtatandlng  flag  <a  poaot  then 
onfop  nopnal  atatot  notify  Nlg*or  lovol  orotoeol 
ELSE  olaeoPd  frano 
ENOIF 

EnOIF 

EnOIF 
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IF  paaoonaa  nooglpod  flag  1^  aat  Then 
CALL  Foaoona*  Fpana  Sandap 
inaetlva  link  ttmop 

CLSEXF  gnngmbopad  eo»Mnd  tlnap  kao  aaolpod  THEN 
IF  eonnand  kaa  boon  aant  tkpaa  tinea  THEN 
• at  no  gnngnbopad  Paaoonaa  paealvad  flag 
CNOXF 

CAUL  UnngnbaPad  Connand  Sandap 
paatapt  Inaetlva  link  t1*ap 
tUSt If  agoapvlaopy  tlnap  nee  aaplpad  THEN 

IF  eonnand  *aa  baan  aant  thpaa  tl-ea  Then 

aat  no  agoapvlaepy  paaoonaa  pacaivad  flee 
CNOXF 

CALL  Sgpapvlaepy  Command  Sandan 


paatapt  Inaetlva  link  t1*ap 
CLICXF  Inaetlva  link  tlnap  ho*  aaplpad  Then 
Call  Syoopvlaopy  Co»n*nd  Sondopf 
ataPt  inaetlva  link  tinan 

CLSEXF  1 nf op»at 1 an  fpa*ae  waiting  fop  t Pane*! eat  on  then 
CALL  Infopnotion  fpa<*a  Sandap 
paatapt  inaetlva  link  tlnap 
CLSEXF  gnngnbopad  eo»«a«d  to  ba  aant  Then 
CALL  Unngnbapad  Contend  Sandap 
paatapt  Inaetlva  link  tlnqp 
CLSEXF  agoapvlaopy  eo«»ana  to  ba  aant  then 
CALL  SgeaPvlaoPv  Contend  Sandan 
paatapt  Inaetlva  link  tlnap 
CLSEXF  Infopnotion  fpgna  tlnap  *ae  ewoipad  them 
CALL  Sgoapvlaopy  Connand  Sandap 
paatapt  Inaetlva  link  tlnap 
CNOXF 

IF  1 1 na  eontPol  ngdgla  tnananlt  bgffap  available  Then 
IF  agoapvlaopy  fpana  welting  fan  tPananiaaon  Then 

InaaPt  egppant  valga  of  loeal  paealva  vaPlabla  Into 
eontPOl  fleldf  eooy  fpana  Into  lino  eontPol  nodgle 
tPananlt  buffen 

IF  agoapvlaopy  e«f*«nd  ogtatandlno  flao  la  aat  Then 
atant  agoapviaopy  eo»-and  tlnap 
CNOXF 

CLSEXF  gnngptbapad  eo«nend  fpana  waiting  fop  tpananlaalon  Then 
eooy  fpe«e  Into  lino  eontPol  nodgle  tnananlt  bgffepf 
atant  gnngnbopad  command  tlnap 
CLSEXF  gnngnbopad  paaoonaa  waiting  fop  tpananlaalon  then 
eooy  fpa»e  Into  lino  eontPol  nodgle  tpenenit  bgffap 
ELSE  If  Po«oto  poealvop  not  poodv  flog  la  poaot  Then 

IF  gnngnbopad  iniop-atlon  fp*ne  waiting  ton  tpananlealen  Then 
IF  gnngnbopad  eo**and  outatanding  flag  aat  THEN 
ataPt  gnny»oapad  aannend  ti»ar 
CNOXF 

eooy  fpooa  Into  lino  eantpol  nodgle  tpenenit  bgffap 
CLSEXF  Infopnotion  fpana  waiting  in  Infopnotion  fpana 

tPononiaolon  auege  THEN  Inaopt  euppont  volga  of  loeal 
paoolvo  vaPlabla  Into  fpana  contpol  floldi  eooy 
fpona  Into  lino  eontPol  ngdglo  tnananlt  bgffap 
IF  Infopnotion  fpana  t1»OP  io  pgnninq  THEN 
paatapt  infopnotion  fpana  t1*OP 
ELSE  atant  Infopnotion  fpana  t1*an 
ENOIF 
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BEGIN  NlPIMI  Fmm  StndtF 
IF  f««u(M4  notoonto  It  ynny.bOFOd  THEN 

IF  ptaeontt  to  tot  aavneNponout  balaneod  nedo  (ovtondod)  eonnand  THEN 
poaot  toeol  aono  and  pocolvo  vtpitblttf  ptttt  oil  float 
CNOIF 

IF  pocoonto  to  Ptttt  eo**tnd  Then 

pooot  lotol  foc o 1 vo  VOPlbblot  FOOOt  oil  Foeol vo-foI otod  float 
ENOIF 

IF  poaul Ftd  Ft  t oof  to  It  unnynbtPtd  tcknowl tdgtntnt  THEN 

Fttot  uFHyobOFtd  tenno* 1 tdgowoFt  rttoo^to  Ftaglrtd  flag 
ELSEIF  PoaulFod  pttoenat  4t  fpa»o  pojoet  Then 
Fttct  f f too  pojoet  Fttoonto  Ftoglptd  float 
Intont  eontFol  field  of  Ftjoetod  fptn#  Into  Fttoonto 
ELSEIF  FoaglFtd  Fttoonto  It  oiehtnqo  1 dont 1 f 1 ett 4 on  THEN 
Fttot  tiCbtnoo  Idontl f Icttlon  Fttoonto  Ptau4Ptd  flogi 
got  1 dont 4 f 4 cat  4 on  data  fno«  40CCP  Contnol  Ppoettaop 
ELSEIF  Ptau4Ptd  Fttoonto  It  gnng*bOPtd  1nfop*at1on  THEN 
tot  f bit  4n  Fttoonto  fptno  eontFol  fltldf 
got  data  fon  lnfoP*at1on  fltlo  fpo«  ADCCP  ContFOl  PFoeoatoF 
ENOIF 

bylid  tooFooFioto  unnymbtFoo  Fttoonto  f Ft*t|  teHtdylo  fpa»t  foF 
tPtnanl talon 

ELSE  if  PtoulPod  Fttoonto  4t  tgotpvltopy  Then 
IF  local  FtcolvoF  net  ptady  flag  Fttot  Then 
gtntpato  FtctlvtF  Fttdv  Fttoonto 
ELSE  gonoFtto  focoIvof  not  Fttdv  Fttoonto 
ENOIF 

intent  eupptnt  vtlut.of  loetl  poealvo  vtFlablt  In  fptno  eontFol 
fltldf  build  tOOFOOFl Ott  tUDOFVltOFy  Fttoonto  fptntl 
tcnooulo  fFtno  f of  tPtntmlaalon 
ENOIF 

FOOOt  Fttoonto  FtoulFtd  flag 
ENO  Potponto  P Ft*t  StndtP 
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IF  < nf op*at  1 •«  f***«.tPans«UtUn  ouaua  fa  full  THEN 
eNDJ*#t  fp***  aaknawl adoawant  paouf rad  flat 

CNO  In?iMitUn  fpaaa  S«nd«P 
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BEGIN  Suoapvtaopy  Command  Sandap 

IF  local  paealvap  not  rtidyMcc  pccot  THEN 


face  Blfltt 


ELSE  gonopat*  pacafvap  not  paady  ea»«and 
ENOXF 

Inaapt  currant  local  racaivo  wapUbla  in  frairo  control  fialdi 

**aot  tend  ouoopylaopy  eo»«»and  f1ag» 

achoduio  fPaao  fop  tranaH  aatont 

act  auoopvlaopy  co««ano  outatandlng  flaot 

END  Supervisory  Co**and  Sander 
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SEQXN  Unnumbered  Cennand  Sender 

XP  tend  Mt  eeynoHrenaue  be^eneed  nod#  (eitended)  eennand  flig  act  THEN 
neaet  band  eaynehreneua  balanced  *eda  (attended)  eemnand  flags 
aat  eaynehreneua  balanced  aada  (aatandad)  eem.end  autatandlng  flag 
ELSEXF  aand  raaat  eoaaand  flag  aat  Then 
raaat  aand  raaat  een.and  flag 

IF  na  unnumbered  reeoenae  received  flag  la  aat  THEN 

aat  aat  eaynehreneua  balanced  *ede  (attended)  command 
autatandinq  flag*  paaat  raaat  eemmang  ngtatandlng  flag 
ELSE  aat  raaat  eemmand  autatandlng  flag 
ENOXF 

ELSEXF  aand  unnu*bered  Infarnatlan  eammend  flag  aat  THEN 
aat  unnumbered  Infarnatlan  aennand  autatandlng  flags 
raaat  aand  unnumearad  command  flags 

build  Infarnatlan  field  with  data  from  AOCCP  Control  Preeeaaers 
IF  AOCCP  Cantrgl  Preeeeaon  .ante  unnumbered  Infarnatlan  raaeanaa  THEN 
aat  a bit  In  frame  control  fields 
aat  unnumbered  Infarnatlan  raaeanaa  radulrad  flag 
ELIE  aat  gnngnbarad  ae knael adganant  raaeanaa  raaulrad  flag 
EnOIF 

ELSEXF  aand  aat  eaehange  Identification  command  flag  THEN 
raaat  aand  eachange  i dant 1 f 1 eat  1 an  eanmand  flags 
aat  eaehange  Idantl f leatlan  command  autatandlng  flags 
build  f ra»a  with  Idantl f leatlan  data  fro.  AOCCP  Central  Praeaaaar 
ENOIF 

ganarata  oreaar  commands 
schedule  frame  far  transmissions 
ENO  Unnumbered  Command  Sander 
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BEGIN  Receive  Froeoooor 
beotort  Inactive  link  tlme^* 

IF  frame  eroek  oeauonee  it  yilld  then 

IF  oddreoo  field  contain*  loeol  ototion  oddrooo  THEN 
IF  not  In  oolf»toot  *odo  THEN 

•ot  commend  roeolvod  float  rooot  rooeonoo  roeolvod  flog 
ELBE  oot  rooeonoo  received  float  rooot  eommond  received  flog 
ENOIF 

CLBEIF  oddrooo  field  contain*  remote  ototlon  oddrooo  THEN 
IF  not  In  oo1f«toot  mode  THEN 

•ot  rooeonoo  roeolvod  float  rooot  eommond  roeolvod  flag 
ELSE  oot  eennono  received  float  rooot  rooeonoo  roeolvod  flog 
ENOIF 

ELSE  oot  fro**  rejoet  float  tot  invalid  freme  format  float  oov* 
control  field  of  rejected  from* 

ENOIF 

IF  eommond  roeolvod  flog  to  oot  THEN 
IF  Information  fro*©  THEN 

CALL  Information  From#  Receiver 
ELSEIF  ouoorvloory  command  fro«0  THE* 

CALL  Sueorvl oory  Command  Receiver 
ELSEIF  unnumoorod  eommond  fromo  Then 
CALL  unnumbered  Command  Recejver 
ELBE  oot  fromo  rojoct  float  oot  invalid  eommond  float 
•ova  control  flold  of  rejected  fromo 
ENOIF 

rooot  eommond  roeolvod  flaa 
ELSEIF  foooonoo  roeolvod  flog  It  oot  Then 
IF  Suoorvloory  Rooeonoo  THEN 

CALL  Suoorvloory  Roooonoo  Receiver 
ELSEIF  Unnumbered  Rooeonoo  Then 

CAtL  Unnunborod  Foooonoo  Focolvor 
ELSE  oot  fromo  rejoet  float  oot  Invalid  rooeonoo  float 
oovo  control  field  of  rejected  frame 
ENOIF 

rooot  rooeonoo  roeolvod  flog 
ENOIF 

IF  frame  rejeet  flog  1o  oot  Then 

rooot  fromo  rojoet  float  oot  frame  rejeet  rooeonoo  required  float 
•ot  rooeonoo  roaulrod  flog 
ENOIF 

ELSE  dloeoro  frame  *1tb  Invalid  frame  eboek  ooauoneo 
ENOIF 

EnO  AOCCF  F#coi yo  Froeoooor 
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BEGIN  Information  Frame  Receiver 

IF  information  field  eaeeed^p  *e»lnun  ol  1 owed.  1 ength  THEN 

aot  frame  rojoct  flag*  Mt  Information  field  maeimu*  length 
eatteded  fU« 

ENDIF 

IF  tend  teouonee  number  of  received  1 nf ©met 1 on  from#  It  not  oduol  I 

to  value  of  1 ott 1 receive  variable  them 
tot  frame  dltctfd  f | to 

EnOIF  , * 

call  Inf Of not  1 on  Frame  Aeknovl odgement  Ffoeottor 
XF  fptno  diteofd  flog  It  reoet  THEM 

XF  fftno  ftjoet  flog  It  fotot  THEN 

tchedule  Information  field  eontentt  for  tfentfof  to 
hfgner  level  ofotoeel  vie  AOCCF  Control  Procedure 
XF  no  Information  fremee  veltlng  for  trtntnlttlon 
or  renote  retolver  not  reedy  flag  It  tot  Then 
tot  retoonte  reoulred  flags  tot  tuoervitory  reteonte 
reowl  red  flog 
eNOXF 
ENOIF 
ENDIF 

EnO  Inf  ©met  1 on  Frame  Receiver 
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BEGIN  fudOFVl OOFV  Command  PaOaivar 
IF  v«1<4  frama  format  Then  „ 

••t  raaoona#  raoutrad  float  tot  auoarvltory  raaeenaa  raoulrad  flaa 
CALL  Information  ft amo  Aoknowl odoomont  Pro«aaaor 
CLIE  oat  fraao  rojoot  float  oot  Invalid  frama  format  float  oovo 
control  flold  of  rojoetod  from# 
enoif 

End  Sueorvl aory  Command  oaaalvar 
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-F  valid  framo  f«#«#t  THEN  « 

IF  receiver  ready  raaoonao  thin 

IF  M*oti  ••cal  vor  not  ready  floo  U ##t  then 
tot  remote  receiver  ready  Moot 
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FOREWORD  (This  Foreword  is  not  a pact  of  the  Aserican  National 
Standard  for  Advanced  Data  Coaaunication  Control 
Procedures,  BSR  X3.66,  9 June  1977). 

The  development  of  advanced  data  coaaunication  control 
procedure  standards  began  in  late  1969  during  final 
work  on  the  American  National  Standard,  Procedures  for 
the  Use  of  the  Communication  Control  Characters  of 
American  National  Standard  Code  for  Information 
Interchange  in  Specified  Data  Communication  Links, 
X3.28  - 1971.  At  that  time,  it  was  recognized  that 

X3.28  lacked  certain  desirable  capabilities  that  would 
be  impractical  to  incorporate  due  to  the  basic 
philosophy  of  the  standard.  Consequently,  several 
proposals  were  submitted  by  members  of  the  Task  Gronp 
for  new  and  improved  ways  tc  perform  the  necessary  link 
control  functions.  One  of  the  most  significant 
proposals  was  a bit-oriented  approach  that  utilized 
dependent  single  sequence  numbering.  Out  of  this 
activity  evolved  a proposal  for  an  American  Rational 
Standard  for  ADCCP  - Dependent  Numbering.  In  late  1971 
an  approach  was  proposed  based  on  an  independent/dual 
numbering  philosophy.  Acceptance  of  this  approach 
resulted  in  this  American  National  Standard'  for  ADCCP. 

The  basic  objectives  of  the  Advanced  Data  Communication 
Control  Procedures  are  tc  provide: 


a)  Full  transparency  and  code  independence; 

b)  Efficient  interactive  and  batch  operation; 

c)  A high  level  of  reliability; 

d)  Two-way  alternate  and  two-way 
simultaneous  operation; 

e)  A high  level  of  modularity. 


Suggestions  for  improvement  of  this  standard  mill  be 
welcome.  They  should  be  sent  to  the  American  National 
Standards  Institute,  1430  Broadway,  Rem  fork.  New  York 
10019. 
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Of  ABBREVIATIONS 


A - Address  field 

ABN  - Asynchronous  Balanced  Bode 

A DCCP  - Advanced  Data  Coaaun ication  Ccntrcl  Procedures 

ADN  - Asynchronous  Disconnect  Node 

ARB  - Asynchronous  Response  Node 

ARO  - Asynchronous  Respond  Opportunity 

BA  - Balanced,  Asynchronous  Class 

C - Control  Field 

C - Coabined  Station  (Figure  10-1  only) 

CCITT  - International  Telegraph  and  Telephone  Consultative  Coaaittee 
Coab  - Coabined  (station) 

DISC  - Disconnect  (Conaand) 

DB  - Disconnect  Bode  (Response) 

FCB A - European  Coaputer  Hanufacturecs  Association 
F - Flag 

F bit  - Final  Bit 

FCS  - Fraae  Check  Sequence 

FRBR  - Fraae  Reject  (Response) 

I - Information  (coaaand,  response) 

I - Inforaation  Format  (fraae) 

I fraae  - Inforaation  Foraat  fraae 

ID  - Identification 

IN  - Initialization  Node 

Info  - Inforaation  Field 

IS  - Initialization  State 

ISO  - International  standards  Organization 

ITS  - Inforaation  Transfer  State 

LDS  - Logically  Disconnected  State 

LSB  - Least  Significant  Bit 

H - Nodifier  Function  Bit 

HSN  - Host  Significant  Bit 

R - An  integer  variable 

NA  - Not  Applicable 

NDH  - Normal  Disconnect  Node 

R (R)  - Receive  Sequence  Nuaber 

RRH  - Normal  Response  Node 

RRO  - Noraal  Respond  Opportunity 

R (S)  - Send  Sequence  Nuaber 

P bit  - Poll  Bit 

P - Priaary  Station  (Figure  10-1  only) 

P/F  bit  - Poll  or  Final  Bit 
Pri  - Priaary  (station) 

P/S/C  - Priaary  or  Secondary  or  Combined  (station) 

Pri/Sec  - Primary  or  Secondary  (station) 

R - Receive  Variable 

RD  - Request  Disconnect  (Coaaand) 

RSET  - Reset  (Coaaand) 

RBJ  - Reject  (Coaaand,  Response) 

RIN  - Request  Initialization  Rode  (Response) 
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RNF  - Receive  Not  Ready  (Coaaand,  Response) 

RR  - Receive  Ready  (Coaaand,  Response) 

S - Depending  upon  usage: j-  Send  Variable 

I-  Supervisory  Function  Bit 
|-  Supervisory  Fcrsat  (fraae) 

S fraae  - Supervisory  Format  fraae 
S - Secondary  Station  (Figure  10-1  only) 

SARn  - Set  Asynchronous  Balanced  node  (Coaaand) 

S ABH R - Set  Asynchronous  Balanced  node  Extended  (Coaaand)  - ] 

SARn  - Set  Asynchronous  Response  node  (Coaaand) 

SARNE  - Set  Asynchronous  Response  node  Extended  (Coaaand) 

Sec  - Secondary  (station) 

Sin  - Set  Initialization  node  (Coaaand) 

SNRn  - Set  Noraal  Response  node  (Coaaand) 

SRRHE  - Set  Noraal  Response  node  Extended  (Coaaand) 

SREJ  - Selective  Reject  (Coaaand,  Response) 

TO  - Tiaeout 

TBA  - Two-Bay  Alternate 

TRS  - Two-Bay  Siaultaneons 

0 - Unnumbered  Foraat  (fraae) 

n fraae  - Unnumbered  Foraat  fraae 
n A - Unnumbered  Acknowledgement  (Response) 

UA  - Unbalanced,  Asynchronous  Class 

01  - Unnumbered  Irforaation  (Coaaand,  Response) 

UN  - Unbalanced,  Noraal  Class 

OP  - Onnuabered  Poll  (Ccaaand) 

XID  - Exchange  Identification  (Coaaand,  Response) 

B,X,T,Z  - bits  in  FRHR  Status  Field 


ROTE:  The  aatheaatical  symbols  and  abbreviations  used  in  Section 
12.0,  Frame  Check  Sequence  (PCS)  Generation  and  Checking,  and 
Appendix  D,  Fraae  Check  Sequence  (FCS),  are  not  included  above; 
they  are  defined  as  introduced  in  Section  12  and  Appendix  D. 
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This  standard  establishes  the  procedures 
synchronous  coununication  links  using  ADCCP. 
not  define  any  single  systeu  and  should  not 
specification  for  a data  coanunicaticrs  systen. 


to  be  used  on 
This  standard  does 
be  regarded  as  a 


i 

This  standard  is  intended  to  cover  a wide  range  of  applications 
(e.  g. , two-way  alternate  and  two-way  siaultaaeous  data 
coamun icatior  between  computers,  concentrators  and  terainals 
which  are  noraally  buffered)  and  a wide  range  of  data  link 
configurations  (e.g. , full  and  half-duplex,  aulti-point, 
point-to-point,  switched  or  non-swi tched) . 


This  standard  is  defined  specifically  in  teras  of  the  actions 
that  occur  on  receipt  of  coaaands  at  Secondary  stations  and 
Coabined  stations. 


In  order  to  provide  a high  degree  of  standardization  (and, 
therefore,  of  compatibility) , any  equipment  intended  to  be 
operated  within  the  constraints  of  this  standard  shall  iapleaent 
all  features  of  a stipulated  basic  class  of  the  procedures. 


i 


j 

i 


j 
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2.0  GENERAL 


ADCCP  defines  a aethod  of  data  link  control  in  tens  of  the 
various  combinations  of  priaary  link  control  functions  (referred 
to  as  Primary  station)  and  secondary  link  control  functions 
(referred  to  as  a Secondary  staticn)  and  balanced  link  control 
functions  (referred  to  as  a Coabined  station)  that  sake  up  the 
control  functions  and  protocols  at  three  types  of  logical  data 
link  control  stations: 


- Priaary  station 

- Secondary  station 

- Coabined  station 

In  particular,  the  logical  functions  and  protocols  of  Secondary 
stations  and  Coabined  stations  are  specified  identically  with 
respect  to  the  action  taken  and  the  response  fraae(s)  transaitted 
as  the  result  of  receiving  a given  ccaaand  fraae(s).  The  Priaary 
station  and  Coabined  station  procedures  for  aanaging  and 
scheduling  the  data  link,  via  the  tra nsai ssion  of  coaaand  fraaes. 
are  the  responsibility  of  the  systea  designer  and  are  not 
specified. 

Since  this  standard  is  defined  in  terns  of  logical  stations  it 
should  be  noted  that  a given  physical  station  nay  be  coaposed  of 
one  or  aore  logical  stations.  For  exaaple,  a physical  station 
i apleaentation  nay:  1)  have  the  capability  cf  providing  aore  than 
one  type  of  logical  station  capability  on  a given  link  at 
different  tines  (see  configurable  station  Section  2.1.4);  2)  have 
the  capability  of  providing  aore  than  one  logical  station 
capability  on  different  links  at  the  sane  tine  (e.g.,  a 
aultiplexor  that  serves  several  links);  3)  house  or  serve 
aultlple  logical  stations  (e.g..  a clustet  controller). 

2.1  Station  Types 

A 

In  ADCCP  there  are  three  types  of  stations:  Priaary  Station; 
Secondary  station;  Coabined  station. 

ROTE:  As  used  in  this  docuaent  the  word  station  (by  itself) 

refers  to  Priaary,  Secondary  and  Coabined  Stations. 

2.1.1  Priaary  Station 

A Priaary  station  has  (only)  a priaary  link  control  capability. 
The  Priaary  station  transnits  coaaand  fraaes  (coanands)  to  and 
receives  response  fraaes  (responses)  froa  the  Secondary 
station (s)  on  the  link.  A Priaary  station  aaintains  a separate 
inforaation  transaitting  ability  and/or  inforaation  receiving 
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ability  with  each  Secondary  station  cn  the  link. 

2.1.2  Secondary  Station 

A Secondary  station  has  (only)  a secondary  link  control 
capability.  The  Secondary  station  transnits  response  fraaes 
(responses)  to  and  receives  connand  Cranes  (commands)  Croa  the 
Primary  station.  It  aaintains  one  information  transaitting 
ability  and/or  one  inforaation  receiving  ability  with  the  Priaary 
stat ion. 

2.1.3  Coabined  Station 

A Coabined  station  has  balanced  link  control  capability.  The 
Coabined  station  transmits  both  conaand  frames  (coanands)  and 
response  fraaes  (responses)  to,  and  receives  both  coanands  and 
responses  from,  another  Coabined  station.  It  aaintains  one 
inforaation  transmitting  ability  to  and  one  inforaation  receiving 
ability  froa  the  other  Combined  station. 

2.1.4  Stations  Capable  of  Being  Configured 

A station  is  defined  as  configurable  if  it  has,  as  the  result  of 
node-setting  action,  the  capability  to  be,  at  different  tiaes, 
aore  than  one  type  of  logical  station;  i.e. , Priaary  station. 
Secondary  station  cr  Coabined  station. 

2.2  Logical  Data  Link  Configurations 

In  ADCCP  there  are  two  logical  data  link  configurations: 

- Unbalanced  configurations  which  have  a Priaary  station 
and  one  or  more  Secondary  stations. 

- Balanced  configurations  which  have  two  Coabined  stations. 
2.2.1  Unbalanced  Configurations 

An  Unbalanced  configuration  has  one  Priaary  station  and  one  or 
aore  Secondary  stations  connected  tc  the  link.  The  link  nay  be 
point-to-point  or  multipoint,  two-way  alternate  or  two-way 
simultaneous,  switched  or  non-switched.  In  the  Unbalanced 
configuration  the  Priaary  station  is  responsible  for  setting  each 
Secondary  station  in  a logical  state  and  node  as  appropriate. 
See  section  6.  Additionally,  both  Priaary  and  Secondary  stations 
are  responsible  for  exchanging  data  and  control  inforaation  with 
each  other,  and  initiating  the  link  level  error  recovery 
functions  defined  in  this  standard.  See  Figure  2-1. 
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FIGURE  2-1  Unbalanced  Configuration 


2.2.2  Balanced  Configuration 

A Balanced  configuration  is  two  Ccnbined  stations  connected 
point-to-point,  two-way  alternate  or  • two-way  simultaneous, 
switched  or  non-switched.  Both  Conbined  stations  have  identical 
data  transfer  and  link  control  capability.  See  Figure  2-2. 
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Figure  2-2  Balanced  Configuration 


2.2.3  Symmetric  Configurations 

Two  independent  point-to-point  Unbalanced  logical  station 
configurations  nay  be  connected  in  a Synaetric  aanner  and 
eultiplewed  on  a single  link.  This  configuration  nay  be  two-way 
alternate  or  two-way  sinultaneous,  switched  or  non-switched.  In 
this  configuration  there  are  two  independent  Priaary 
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station-to-Secondary  station  logical  channels  where  the  Prinary 
stations  have  overall  responsibility  for  node  setting.  Each  of 
the  four  stations  naintains  one  infcrnation  transaitting  ability 
and/or  one  information  receiving  ability.  See  Figure  2-3. 


PRIMARY 

1 

1 

1 

1 

1 

| 

SEC0RDA8Y 

1 

1 

1 

1 

STATION 

STATION 

1 

1 

1 

Commands 

1 

1 

1 

"B" 

< > 


<c 


Besponses 


PBIBABX 


STATION 


2 Stations 


2 Stations 


Figure  2-3  Syanetric  Configuration 


2.3  Logical  States  and  (lodes 

Communication  between  two  stations  is  conducted  in  three  logical 
states:  Information  Transfer  State,  Initialization  State,  or 
Logically  Disconnected  State. 

2.3.1  Information  Transfer  State  (ITS) 

While  in  ITS  the  Secondary/Conbined  station  may  transmit  and 
receive  information.  Communications  shall  observe  the 
constraints  of  a node  established  in  a Seconda ry/Combioed  station 
by  the  remote  Primary/Conb ined  station.  Each  node  specifies  a 
respond  opportunity  and  a logical  data  link  configuration.  See 
Section  6.2. 
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2.1. 1.1  Normal  Response  node  (NRN) 

NRR  is  an  Unbalanced  configuration  operational  node  in  which  the 
secondary  station  nay  initiate  transmission  of  frames  containing 
information  only  as  the  result  of  receiving  explicit  permission 
to  do  so  fron  the  Priaary  station.  After  receiving  permission, 
the  Secondary  station  shall  initiate  a response  transaission. 
The  response  transmission  may  consist  cf  cne  or  more  frames  while 
maintaining  an  active  channel  state.  The  last  frame  of  the 
response  transmission  will  be  explicitly  indicated  by  the 
Secondary  station.  Following  the  indication  of  the  last  frame, 
the  Secondary  station  will  stop  transmitting  until  explicit 
permission  is  again  received  from  the  Priaary  station. 

2.3. 1.2  Asynchronous  Response  Rode  (ARB) 

ARB  is  an  Unbalanced  configuration  operational  mode  in  which  the 
Secondary  station  may  initiate  transmission  without  receiving 
explicit  permission  from  the  Priaary  station.  Such  an 
asynchronous  transaission  may  contain  single  or  multiple  frames 
and  is  used  for  information  field  transfer  and/or  to  indicate 
status  changes  in  the  Secondary  station  (e.g.,  the  ntfmber  of  the 
next  expected  frame,  transition  frem  a ready  to  a busy  condition 
or  vice  versa,  occurrence  of  an  exception  condition). 

2.3. 1.3  Asynchronous  Balanced  Node  (AEH) 

ABN  is  a Balanced  configuration  operational  node  in  which  a 
Combined  station  nay  initiate  transmission  without  receiving 
permission  fron  the  other  Combined  station.  Such  an  asynchronous 
transmission  may  contain  single  or  multiple  frames  for 
information  transfer  and/or  to  indicate  status  changes  at  the 
transmitting  Combined  station  (e.g.,  the  number  of  the  next 
expected  frame,  transition  from  a ready  to  a busy  condition  or 
vice  versa,  occurrance  of  an  exception  condition). 

2.3.2  Initialization  State  (IS) 

While  in  IS  communications  shell  observe  the  constraints  of  a 
system-defined  procedure.  The  system-defined  procedure  may,  for 
example,  cause  the  Secondary/Combined  station's  link  control  to 
be  initialized  or  regenerated  by  the  remote  Primary/Combined 
station.  See  Section  6.4. 


2.3.1  Logically  Disconnected  State  (LCS) 

While  in  LDS  the  Secondary/Combined  station  is  logically 
disconnected  fron  the  link  and  is  not  permitted  to  transmit  or 
receive  information.  Communications  shall  observe  the 
constraints  of  a node  selected  by  system  definition;  each  node 
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specifies  a respond  opportunity.  See  Section  6.3. 

2.1. 3.1  Normal  Disconnected  Node  (NDH) 

NDN  is  an  Unbalanced  configuration  Don-operational  node  in  which 
the  Secondary  station  is  logically  disconnected  froa  the  lint  and 
is  not  permitted  to  initiate  or  receive  inforaation.  The 
Secondary  station  may  initiate  transmission  only  as  the  result  of 
receiving  explicit  permission  to  do  so  free  the  Primary  station. 
After  receiving  permission,  the  Secondary  station  shall  initiate 
a single  frame  transmission  indicating  its  status. 

2.3. 3.2  Asynchronous  Disconnected  Bede  (ADA) 

A DPI  is  an  Unbalanced  or  Balanced  configuration  non-operational 
node  in  which  the  Secondary/Coabined  station  is  logically 
disconnected  froa  the  link  and  is  net  permitted  to  initiate  or 
receive  information.  A station  in  ACH  nay  initiate  transmission 
without  receiving  explicit  permission  from  the  Priaary/Conbined 
station  but  the  transmission  shall  be  a single  frame  indicating 
the  station  status. 
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3.0  FRABP  STROCTORE 


In  A DCCP , all  transnissiori 
to  the  following  structure 


s are  in  frases  and  each  frane  conforas 


F,  A,  C,  Info,  PCS,  P 
■here:  , 

P * Plag  Sequence 
A = Address  Field 
C = Control  Field 
Info  - Inforuation  Field 
PCS  = Prane  Check  Sequence 


Prases  containing  only  data  link  cortcol  sequences  fora  a special 
case  where  there  is  no  Info  field.  The  short  frane  structure  is 
therefore: 


The  elesents  of  the  frane  are  described  in  the  following 
paragraphs.  See  also  Figure  3-1. 


All  frases  start  and  end  with  the  flag  sequence.  This  sequence 
is  a zero  bit  followed  by  6 one  bits  followed  by  a zero  bit 
(01111110).  All  stations  attached  to  the  data  link  continuously 
hunt,  on  a bit-by-bit  basis,  for  this  sequence.  A transsitter 
aust  send  only  conplete  eight-bit  flag  sequences,  however  the 
sequence  of  011111101111110  at  the  receiver  is  two  flag 
sequences.  The  flag  is  used  for  frase  synchronization. 


In  order  to  achieve  transparency  the  flag  sequence  is  prohibited 
froa  occurring  in  the  Address,  Ccntrol,  Inforaation  and  PCS 
fields  via  a "zero  bit  insertion"  procedure  described  in  Section 
3.7. 


The  flaq  sequence  which  closes  a frane  nay  also  be  the  opening 
flag  sequence  for  the  next  fraae.  Any  nunber  of  coaplete  flags 
nay  be  used  between  frames.  See  also  Appendix  B3. 1. 

3.2  Address  Field  (A) 


The  Address  field  cootains  the  link  level  address  of  a Secondary 
station  or  a Coabined  station.  The  length  of  this  field  (A)  is  N 
octets  (I  greater  than  or  equal  to  1).  The  encoding  of  this 
field  is  described  in  Section  4. 
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3.3  Control  Field  (C) 

The  Control  field  contains  a command  or  response  and  say  contain 
sequence  numbers.  The  control  field  is  used  by  the  transmitting 
- Primary/Coobined  station  to  instruct  the  addressed 
Secondary/Coabined  station  what  operation  it  is  to  perforu.  It 
is  also  used  by  the  Secondary  station  or  Combined  station  to 
respond  to  the  reaote  Primary  station  or  Combined  station.  The 
lenqth  of  this  field  (C)  is  one  octet  in  the  case  of  the  basic 
control  field.  It  is  two  octets  in  length  in  the  case  of  the 
extended  control  field.  See  Section  5.2.2. 


I 


Sequence  numbers  and  the  formatting  of  the  Control  Field  are 
described  in  Section  5.  Commands  and  responses  are  functionally 
described  in  Section  7. 

3.4  Information  Field  (Info) 

The  Information  field  may  be  any  number  and  sequence  of  bits;  the 
data  link  procedures  are  completely  transparent.  Data  contained 
in  the  information  field  is  unrestricted  with  respect  to  code  or 
grouping  of  bits.  See  Appendix  B3.4  for  examples  of  typical 
limitations  on  maximum  length. 

3.5  Frame  Check  Sequence  (FCS) 

All  frames  include  a 16-bit  frame  check  sequence  (FCS)  just  prior 
to  the  closing  flag  for  error  detection  purposes.  The  contents 
of  the  Address,  Control  and  Information  fields,  excluding  the 
zeros  inserted  to  maintain  transparency  per  Section  3.7,  are 
included  in  the  calculation  of  the  FCS  sequence. 

The  FCS  is  the  remainder  of  a modulo  2 division  process  utilizing 
a generator  polynomial  as  a divisor.  The  generator  polynomial  is 
that  used  in  CCITT  Recommendation  V.41  and  is:  X**  ♦ X12  ♦ Xs  ♦ 


Section  12  gives  a complete  description  of  the  FCS  generation 
process  and  the  error  checking  process  which  utilizes  the  FCS. 
Appendix  D gives  an  example  of  FCS  generation  and  error 
detection. 

VOTE:  If  future  applications  show  that  a higher  degree  of 
protection  is  needed,  the  length  of  the  FCS  shall  be  increased  by 
multiples  of  eight  bits.  This  requires  a higher  degree  generator 
polynomial  the  implementation  and  use  of  which  is  outside  of  this 
standard. 
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3.6  Abort 


Abort  is  the  procedure  by  which  a station  in  the  process  of 
sending  a fraae,  ends  the  frane  in  an  unusual  sanner  such  that 
the  receiving  station  will  ignore  the  fraie. 

Aborting  a frane  is  perforned  by  transmitting  at  least  seven,  but 
less  than  fifteen,  contiguous  one  bits  (with  no  inserted  zeros). 
Receipt  of  seven  contiguous  one  bits  is  interpreted  as  an  abort. 
Receipt  of  fifteen  or  nore  contiguous  one  bits  is  interpreted  as 
an  abort  and  Idle  Link  State.  See  Section  3.9. 

3.7  Transparency 

ADCCP  provides  transparency  for  data  coded  in  the  Information 
field.  The  occurrence  of  the  flag  sequence  within  a fraae  is 
prevented  via  a "zero  bit  insertion"  procedure  as  follows: 

The  transaitter  inserts  a zero  bit  following  five  contiguous 
one  bits  anywhere  between  the  opening  flag  and  the  closing 
flag  of  the  fraae.  The  insertion  of  the  zero  bit  thus 
applies  to  the  contents  of  the  Address,  Control,  Info  and 
FCS  fields  (including  the  last  5 bits  of  the  FCS) . The 
receiver  continously  monitors  the  received  bit  streaa;  upon 
receiving  a zero  bit  followed  by  five  contiguous  one  bits, 
the  receiver  inspects  the  following  bit:  If  a zero,  the  5 
one  bits  are  passed  as  data  and  the  zero  bit  deleted.  If 
the  sixth  bit  is  a one,  the  receiver  inspects  the  seventh 
bit;  if  it  is  zero,  a flag  sequence  has  been  received;  if  it 
is  a one  an  abort  has  been  received.  See  Section  3.6. 

3.8  Active  Link  State  and  Interfrane  Tiae  Fill 

A link  is  in  an  ACTIVE  state  when  a Priaary  station.  Secondary 
station,  or  Coabined  station  is  actively  transmitting  a fraae,  an 
abort  sequence,  or  interfrane  time  fill,  ffhen  the  link  is  in  the 
active  state,  the  right  of  the  transmitting  station  to  continue 
transmission  is  reserved. 

Interfrane  tiae  fill  is  accomplished  by  transmitting  continuous 
flags  between  fraaes.  There  is  no  provision  for  intrafraae  tiae 
fill.  See  also  Appendix  B. 

3.9  Idle  link  State 

A link  is  defined  to  be  in  an  IDLE  state  ahen  a continuous  ones 
state  is  detected  that  persists  for  at  least  15  bit  tiaes. 

Idle  link  tiae  fill  is  defined  to  be  a continuous  one  condition 
on  the  link. 
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3.10  Invalid  Pcaae 


An  invalid  fraae  is  defined  as  one  that  is  not  properly  bounded 
by  tvo  flags  (thus  an  aborted  fraae  is  an  invalid  fraae)  or  one 
which  is  too  short  (i. e.r  shorter  than  32  bits  between  flags).  A 
Secondary  station  or  Combined  station  will  ignore  any  invalid 
frame. 


3.11  Order  of  Bit  Transaission 


Addresses,  coaaands  and  responses,  and  sequence  nuabers  are  to  be 
transmitted  low- order  bit  first  (e.g.,  the  first  bit  of  a 
sequence  nuaber  that  is  transmitted  carries  the  weight  2°). 


The  order  of  bit  transmission  for  data  contained  within  the 
inforaation  field  is  application-dependent  and  not  specified. 

The  order  of  bit  transaission  for  the  FCS  is  aost  significant  bit 
first.  See  Appendix  D. 
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4.0  ADDRESS  FIELD 
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4.1  Dnbalanced  Operation 

A unique  address  is  associated  with  every  Secondary  station  on  a 
lint.  Additionally,  a Secondary  station  nay  be  capable  of 

accepting  franes  which  utilize  a group  or  global  address; 

however,  when  such  a Secondary  staticn  responds,  it  will  utilize 
its  unique  address. 

The  address  field  in  a coanand  fraie  transnitted  by  a Prinary 
station  contains  the  address  of  the  (reaote)  Secondary  station. 

The  address  field  in  a response  frane  transnitted  by  a Secondary 
station  contains  the  address  of  the  (local)  Secondary  station. 

4.2  Balanced  Operation 

A unique  address  is  associated  with  each  Conbined  station  on  the 
link.  Additionally,  a Conbined  station  nay  be  capable  of 

accepting  franes  which  utilize  a group  or  global  address; 

however,  when  such  a Conbined  staticn  responds  it  will  utilize 
its  unique  address.  j 

The  address  field  in  a coanand  frane  transnitted  by  a Conbined 
station  contains  the  address  of  the  reaote  Conbined  station.  The 
address  field  in  a response  frane  transnitted  by  a Conbined 
station  contains  the  address  of  the  lccal  Conbined  station. 

4.3  Address  Encoding 

Two  addressing  encoding  fornats  are  defined  for  the  address 
field:  Basic  and  Extended.  These  fcrnats  are  autually  exclusive 
for  any  given  Secondary  station  or  Conbined  station  on  a link 
and,  therefore,  the  addressing  fcrnat  nust  be  explicitly 
specified. 

4.3.1  Basic  Address  Fornat 

In  basic  address  fornat,  the  address  field  contains  one  address, 
which  nay  be  a single  Secondary/Coabined  station  address,  or  a 
group  or  global  Secondary/Coabined  station  address.  This  field 
consists  of  one  octet  with  the  following  fornat: 


BSB  13.66 
X3S34-569 
DRAFT  6 REVISION  2 
11  August  1977 


Address  Field 

Bit  Nuaber  12345678 


I I I I I I I I I 
Address  i » 

Least  Significant  Bit 
First  Bit  Transaitted 


4.3.2  Extended  Address  Poraat 


In  extended  foraat,  the  a 
which  coaprises  one  a 
Secondary/Coabined  station 
Secondary/Coabined  station 
address  octet  is  "0",  the  f 
address  field.  See  Section 
is  terainated  by  an  octet 
Thus,  the  address  field  is 
the  extended  address  field 


ddress  field  is  a sequence  of  octets 
ddress  which  aay  be  a single 

address,  or  a group  or  global 

address.  When  the  first  bit  of  an 
ollowing  octet  is  an  extension  of  the 
4.5  for  exception.  The  address  field 
hawing  a "1"  in  bit  position  one. 
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4.0  Global  Address 

The  sinqle  octet  address  of  eight  "1"  bits  (11111111)  is  reserved 
as  the  qlobal  (universal,  or  broadcast)  address  in  the  basic  and 
extended  address  formats. 

The  qlobal  address  is  used  in  situations  where  a specific 
Secondary  station  or  Combined  station  address  is  not  known  (e.g., 
switched  connection)  or  is  not  necessary  to  the  situation  (e.g., 
broadcast  transnission) . 

4.S  Null  Address 

When  the  first  octet  of  the  address  field  appears  as  eight  "0" 
bits  (00000000)  the  address  is  considered  to  be  a null  (no 
station)  address  and  the  frane  will  be  ignored. 
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5.0  TRANSMISSION  PARAMETERS  AND  FORMATS 

' 
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For  definitions  of  the 
Glossary,  Appendix  A. 

- Accept/Acceptance 

- Action 

- Discard 

- Invalid 

5.1  Parameters 

* 

The  various  parameters  associated  with  fcaaes  are  described  in 
the  following  sections.  Figure  5-1  shows  the  position  of 
parameters  within  a fraae. 

-■ 

5.1.1  Modulus 

Each  Information  (I)  fraae  is  sequentially  numbered  and  nay  have 
the  value  0 through  modulus  - 1 (where  aodulus  is  the  aodulus  of 
the  sequence  numbers).  Modulus  equals  8 for  the  basic  control 
field  foraat  and  128  for  the  extended  control  field  foraat.  The 
sequence  numbers  cycle  through  the  entire  range. 

The  aaxiaua  number  of  sequentially  nuabered  I frames  that  a 
station  aay  have  outstanding  (i.e.,  unacknowledged)  at  any  given 
tine  nay  never  exceed  one  less  than  the  aodulus  of  the  sequence 
numbers.  This  restriction  is  to  prevent  any  aabiguity  in  the 
association  of  transmitted  I frames  with  sequence  nuabers  during 
noraal  operation  and/or  error  recovery  action.  The  nuaber  of 
outstanding  I fraaes  aay  be  further  restricted  by  either  the 
sending  or  receiving  station  storage  capability;  e.g.,  the  number 
of  I frames  that  can  be  stored  for  transaission  and/or 
retransaission  in  the  event  of  a transaission  error. 

5.1.2  Frame  Variables  and  Sequence  Nuabers 

Every  Secondary  station  in  an  Information  Transfer  State 
aaintains  a Send  Variable  on  the  I frames  it  transmits  to,  and  a 
Receive  Variable  on  the  I fraaes  it  correctly  receives  fron,  the 
Primary  station.  Every  Primary  station  aaintains  an  individual 
Send  Variable  on  the  I fraaes  it  transmits  to,  and  an  individual 
Receive  Variable  on  the  I fraaes  it  ccrrectly  receives  froa,  each 
Secondary  station  in  an  Information  Transfer  State.  Every 
Combined  station  in  an  Infornation  Transfer  State  aaintains  one 
Send  Variable  on  the  I frames  it  transaits  to,  and  one  Beceive 
Variable  on  the  I fraaes  it  correctly  receives  froa,  the  renote 
Combined  station. 


following  coanonly  used  teras  see 


- lapleaent 

- Receive 

- Respond  Opportunity 
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5.1.2. 1 Send  Variable  (S) 

Each  station  capable  of  transmitting  I frames  has  a Send  Variable 
S which  indicates  the  sequence  number  of  the  next  I frame  to  be 
transmitted.  S shall  take  on  the  value  0 through  modulus-1.  S 
is  incremented  by  one  with  each  completed  I frame  transmission 
(i.  e.  , S will  not  be  incremented  when  an  I frame  transmission  is 
aborted) . 

5. 1.2.2  Send  Sequence  Nunber  (N(S)) 

Only  I franes  contain  N (S) , the  sequence  nunber  of  the 
transmitted  frame.  Prior  to  transmission  of  an  I frame,  N (S)  is 
set  equal  to  S. 

5. 1.2. 3 Receive  Variable  (R) 

Each  station  capable  of  receiving  I franes  shall  have  a Receive 
Variable  R equal  to  the  expected  N(S)  contained  in  the  next  I 
frame  received.  R is  incremented  by  one  upon  receipt  of  an 
error-free  I frame  whose  N(S)=R. 

5. 1.2. 4 Receive  Sequence  Number  (N(R)) 

All  I frames  and  Supervisory  (S)  frames  contain  an  N(R),  the 
expected  sequence  number  of  the  next  received  I frame. 
Immediately  before  transmitting  or  retransmitting  an  I or  S 
frame,  N (R)  is  set  equal  to  R.  N (R)  thus  indicates  that  the 
station  transmitting  the  N(R)  has  correctly  received  all  I franes 
numbered  up  to  and  including  N(R)-1. 

5.1.3  Poll/Final  (P/F)  Bit 

Poll  and  Final  tits  are  used  for: 

1)  indicating  when  a Secondary  station  may  begin  and  has  finished 
a resoonse  transmission  under  NRH.  See  Section  6.2.1. 


2)  checkpointing  to  determine  if  error  recovery  is  required.  See 
Section  6.5.2. 

3)  obtaining  a response  from  a Seccndacy  station  or  Combined 
station.  See  Section  6. 1. 

The  Poll  (P)  bit  set  to  "1"  is  used  by  the  Primary  station  or 
Combined  station  in  command  franes  to  solicit  (poll)  a response 
or  sequence  of  response  frames  from  a Secondary  station (s)  or  a 
Combined  station. 

The  Final  (F)  bit  is  used  by  a Secondary  station  to: 
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1)  indicate  in  ARM  the  response  frame  sent  in  reply  to  the 
receipt  of  a poll  command. 


tl< 


2)  in  NRd  to  indicate  the  final  frame  transmitted  as  the  result 
of  a previous  poll  command. 

The  Final  (P)  bit  is  used  by  a Combined  station  to  indicate  in 
ABB  the  response  frame  sent  in  reply  to  the  receipt  of  a poll 
command. 

See  Section  6. 1 for  further  description  of  the  P/P  bit  operation. 
5.2  Control  Field  Formats 

The  three  formats  defined  for  the  Control  field  are  used  to 
perform  information  transfer,  basic  supervisory  control 
functions,  and  special  or  infrequent  control  functions. 

5.2.1  Basic  Control  Field 

The  basic  control  field  accommodates  modulo  8 N (S)  and  1(B) 
sequence  numbering. 


First  Bit  Transmitted 


Control  Field  Bits: 


Information  Transfer,  I 


Supervisory  Connands/Responses,  S 


Unnumbered  Connands/Responses,  t) 
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Transmitting  station  receive  seguence  number. 
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Supervisory  function  bits 

Hodlfier  function  bits 

Poll  bit  - Primary  station  or  Combined 

station  command  frame  transmissions. 
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Final  tit  Secondary  station  or  Combined  station 
response  frame  transmissions. 

(1  = Poll/Final) 

5.2.2  Extended  Control  Field 

I 

The  extended  control  field  accommodates  modulo  128  R(S)  and  R (B) 
sequence  numbering.  (On  long  propcgation  delay  links  (e.g., 
satellite  transmission)  it  is  desirable  for  reasons  of  efficiency 
to  extend  the  modulus  of  the  sequence  numbers  N (S)  and  R(B).  The 
method  of  extension  is  defined  below.) 


Control  field  extension  for  the  three  formats  is  as  follows: 
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where  X bits  are  reserved  and  set  tc  "0" 

In  extended  control  field  format  the  transmitter  sets  the  P/F 
bits  in  bit  positions  5 and  9 for  Unnumbered  format  commands  and 
responses.  A receiver  in  extended  ccntrol  field  format 
interprets  the  P/F  bit  in  bit  position  9.  A receiver  in  basic 
control  field  format  receiving  an  extended  control  field  format 
interprets  the  P/F  bit  in  bit  positicc  5. 

5.7  Information  Transfer  Format  (I) 

The  I format  is  used  to  perform  an  information  transfer. 


The  functions  of  R (S) , 1(B)*  and  P/F  arc  independent;  i.e.,  each 
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I frame  has  an  S (S ) sequence  number,  the  B(B)  sequence  number  may 
or  may  not  acknowledge  additional  I frames  at  the  receiving 
station,  and  the  P/F  bit  may  or  may  net  be  set  to  "1". 

5.4  Supervisory  Format  ( S ) 


The  S format  is  used  to  perform  link  supervisory  control 

functions  such  as  acknowledge  I frames,  request  retransmission  of 
I frames,  and  indicate  temporary  interruption  of  capability  to 
receive  I/UI  frames.  The  functions  of  » (R)  and  P/F  are 
independent. 

5.5  Unnumbered  Format  (U) 

The  (I  format  is  used  to  provide  additional  link  control 

functions.  This  format  contains  no  sequence  numbers  and 
consequently  5 "modifier"  bit  positions  are  available  which 
allows  definition  of  up  to  32  additional  command  and  32 
additional  response  functions. 
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6.0  SECON DA R Y/CON BIN ED  STATION  STATES  AND  NODES 


A Secondary/Coabined  station  transmits  response  frames  to  a 
Primary/Combined  station  based  on  previous  receipt  of  a coeaand 
frame.  In  certain  cases,  a Secondary/Coabined  station  can  also 
initiate  transmission  of  response  frames  to  a Priaary/Coabined 
station.  The  characteristics  of  a Secondary/Coabined  station 
response  are  determined  by:  1)  the  type  of  respond  opportunity 
which  exists  at  the  Secondary/Coabined  station,  2)  the  current 
state  of  the  Secondary/Combined  station,  and  3)  the  particular 
node  within  the  Secondary/Coabined  station.  Secondary/Coabined 
stations  do  not  queue  sequential  responses  for  command  fraaes 
received.  A Secondary/Combined  station  response  is  predicated 
on:  1)  station  status  at  the  tine  the  response  is  transmitted,  2) 
an  exception  condition  previously  established,  or  3)  the  previous 
receipt  of  a command  which  requires  a specific  response  foraat. 


6.1  Poll/Final  Bit  Usages 


The  Poll/Pinal  (P/P)  bit  serves  a function  in  both  command  fraaes 
and  response  frames.  In  coaaand  frames  the  P/P  bit  is  referred 
to  as  the  P bit.  In  response  frames  it  is  referred  to  as  the  F 
bit. 


The  P bit  is  used  to  solicit  a response  fraae  with  the  F bit  set 
to  N1N  froa  the  Secondary/Coabined  station  at  the  earliest 
opportunity.  A response  fraae  with  the  F bit  set  to  "1"  also 
indicates  the  end  of  transaission  under  Horaal  Respond 
Opportunity. 


For  each  Primary-Secondary  pair  or  Unbalanced  links  and  each 
direction  on  Balanced  links  only  one  frame  with  a P bit  set  to 
”1”  may  be  outstanding  at  a given  tiae.  Before  a 
Priaary/Coabined  station  can  issue  another  fraae  with  P bit  set 
to  N1N  it  must  receive  a response  frame  froa  the 
Secondary/Coabined  station  with  the  F bit  set  to  "1*.  If  no 
valid  response  fraae  is  obtained  within  a system  defined 
tiae-out,  the  retransaission  of  a command  with  the  P bit  set  to 
"1"  for  error  recovery  purposes  is  peraitted. 


6.2  Respond  Opportunities 

6.2.1  Noraal  Respond  Opportunity  (NRO) 


NRO  is  a Secondary  station  respond  opportaaity  in  which  the 
Secondary  station  initiates  transaission  of  response  fraaes  oaly 
as  the  result  of  receiving  a coaaand  fraae  with  the  P bit  set  to 
”1"  or  a UP  coaaand.  See  Section  7. 4.2.2. 


The  response  transaission  aay  consist  cf  one  or  aore  fraaes  while 
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uaintaininq  an  Active  Link  State.  In  all  cases  the  last  fraue  of 
the  response  transuission  will  have  the  P bit  set  to  "1".  When 
the  response  fraue  with  the  P bit  set  to  "I"  is  transuitted  the 
Secondary  station  will  stop  transuitting  response  f rates  and  oot 
initiate  any  additional  transuission  of  response  franes  until  a 
subsequent  couuand  frame  is  received  with  the  P bit  set  to  "1"  or 
a op  couuand  is  received. 

6.2.2  Asynchronous  Respond  Opportunity  (ARO) 

ARO  is  a Secondary/Coubined  station  respcnd  opportunity  in  which 
the  Secondary/Coubined  station  initiates  transuission  of  response 
franes  without  regard  to  the  receipt  of  a couuand  fraue  with  the 
P hit  set  to  "1".  Asynchronous  transuission  of  response  franes 
nay  be  initiated  at  the  first  opportunity.  In  two-way 
simultaneous  (TWS)  transuission  the  opportunity  is  iuuediately. 
In  two-way  alternate  (THA)  transuission  the  opportunity  is  the 
detection  of  an  Idle  Link  State.  An  asynchronous  transuission 
nay  contain  uultiple  franes  and  is  osed  to  initiate  inforuation 
transfer  (I/UI)  and/or  to  report  statas  changes  in  the 
Secondary/Coubined  Station,  (e. g. , N (B)  nuuber  change,  transition 
fron  a ready  to  a busy  condition  or  vice  versa,  establish  lent  of 
an  exception  condition.) 

The  Secondary/Coubined  station  nust  transnit  a fraue  with  the  P 
bit  set  to  "1"  only  in  response  to  a received  couuand  fraue  with 
the  P bit  set  to  "1".  The  P bit  is  not  to  be  interpreted  as  the 
end  of  transuission  by  the  Secondary/Coubined  station. 
Additional  response  franes  with  the  P bit  set  to  "0"  nay  be 
transuitted  followinq  the  response  fraue  which  had  the  P bit  set 
to  "1". 

In  TWS  operation  a Secondary/Coubined  station  in  the  process  of 
transuitting  when  the  couuand  fraue  with  the  P bit  set  to  "1"  is 
received  will  set  the  P bit  to  "1"  in  the  earliest  possible 
response  fraue  to  be  transuitted. 


When  a station  has  Asynchronous  Res 
utilize  a response  tine-out  function 
of  appropriate  recovery  procedures 
unsolicited  response  franes  have  not 
systea-def ined  tiue-out  period.  3 i 
uay  occur,  in  TWA  configurations  the 
of  the  link  shall  be  unequal.  In  TWA 
Secondary  station  shall  be  greater 
Priuary  station  to  peruit  contention 
favor  of  the  Priuary  station. 


pond  Opportunity,  it  shall 
which  will  cause  initiation 
if  previously  transuitted 
been  acknowledged  within  a 
nee  siuultaneous  contention 
response  tiuers  at  each  end 
, the  interval  euployed  by  a 
than  that  euployed  by  the 
situations  to  be  resolved  in 
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6.3  Logically  Disconnected  State  (LOS) 

The  LDS  is  provided  to  prevent  a Secondary/Coabined  station  frou 
appearing  on  the  lint  in  a fully  operational  sense  during  unusual 
situations  or  exception  conditions  since  such  operations  could 
cause  1)  unintended  contention,  2)  sequence  nuaber  aisaatch  or  3) 

aabiquity  as  to  the  Secondary/Coabined  station  status  or  aode. 

. 

Ihile  in  LDS  the  Secondary  station,  cr  response  capability  of  a 
Coabined  station,  is  loqically  disconnected  froa  the  data  link; 
i.e.,  no  Tnforaation  (I),  Unnumbered  Inforaation  (UI)  or  S 
response  frames  are  transmitted  cr  accepted.  The  Secondary 
station  capability,  or  response  capability  of  a Coabined  station, 
is  liaited  to  1)  accepting  one  of  the  aode-setting  coaaands,  2) 
transmitting  a Dfl  or  RIH  response  frame  at  each  respond 
opportunity  and  3)  responding  to  an  XID  ccaaand. 

A Secondary/Coabined  station  in  LDS,  as  a ainiaua  capability, 
■ust  respond  DN  (Disconnected  Node)  to  any  valid  coaaand  fraae 
received  with  the  P bit  set  to  "1M.  A RIB  (Bequest 
Initialization  Node)  response  aay  be  transmitted  instead  of  DH; 
the  conditions  which  cause  a Secondary/Coabined  station  to 
transait  RIH  are  systen  defined. 

A aode-setting,  XID  or  OP  coaaand  aay  be  accepted  and  responded 
to  at  the  first  respond  opportunity  if  the  station  is  capable  of 
accepting  and  actioning  the  coaaand.  Any  ether  fraae  received, 
including  a aode  setting,  XID  or  UP  coaaand  that  is  not  accepted,, 
is  discarded  except  for  the  response  requirement  described  in  the 
paragraph  above. 

A Secondary  or  Coabined  station  is  system  defined  as  to  the 
condition  (s)  that  cause  it  to  assuae  one  of  the  two  predeterained 
aodes  (ADH  or  NON) • 

Examples  of  possible  system-defined  conditions  (in  addition  to 
receiving  a DISC  coaaand)  which  aay  cause  a Secondary/Coabined 
station  to  enter  LOS  are: 

1.  the  Secondary/Coabined  station  power  is  turned  on 

2.  the  Secoadary/Coabined  station  has  a teaporary  loss  of  power 

3.  the  Secondary/Coabined  station  link  level  logic  is  manually 
reset 


h.  the  Secondary/Coabined  station  is  annually  switched  froa  a 
local  (hoae)  condition  to  a connected-to-the-link  condition. 


While  in  LDS  a Secondary/Coabined 
Fraae  Re*Ject  exception  condition. 


station 


aay  not 


establish  a 
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NDR  is  a disconnected  node  in  which  the  Secondary  station  is 
loqically  disconnected  Cron  the  data  link  and  follows  Normal 
Respond  Opportunity  protocol.  See  Section  6.2.1. 


6.1. 1.2  Asynchronous  Disconnected  node  (ADA) 

ADS  is  a disconnected  node  in  which  the  Secondary  station,  or 
response  capability  of  a Combined  station,  is  logically 
disconnected  from  the  data  link  ahd  follows  Asynchronous  Respond 
Opportunity  protocol.  See  Section  6.2.2. 

6.4  Initialization  State  (IS) 

While  in  IS  the  Secondary/Coabined  station  aay  be  initialized  or 
regenerated  by  the  reaote  Primary  station  or  Coabined  station  and 
coaaunicates  under  the  constraints  of  the  following  aode. 


6.4.1  initialization  Rode  (IH) 


6.S  Information  Transfer  State  (ITS) 


While  in  ITS  a station  is  fully  operational  and  capable  of 
transmitting  and  receiving  I,  S,  and  0 foraat  frames. 


6.S.1  nodes  Within  ITS 


While  in  ITS  a Secondary/Coabined  station  coaaunicates  under  the 
constraints  of  one  of  the  following  nodes.  The  particular  aode 
■tilized  is  deterained  by  the  Priaaty/Coabined  station  with  an 
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appropriate  set-node  coaaand  and  is  entered  when  the 
Secondary/Conbined  station  receives,  actions,  and  acknowledges 
that  set-aode  coaaand. 

6.5. 1.1  Iforaal  Response  Rode  (RRN) 

MRn  is  a Secondary  station  inforaaticr  transfer  aode  in  which  the 
Secondary  station  utilizes  Ncraal  Respond  Opportunity  on  an 
unbalanced  link  configuration.  See  Sections  2.2.1  and  6.2.1. 
This  aode  is  selected  by  a SNRN  or  SNfiHE  coaaand. 

6.5.  1.2  Asynchronous  Response  Node  (ABU) 

ARN  is  a Secondary  station  inforaaticr  transfer  node  in  which  the 
Secondary  station  utilizes  Asynchronous  Respond  Opportunity  on  an 
unbalanced  link  configuration.  See  Sections  2.2.1  and  6.2.2. 
This  aode  is  selected  by  a SARM  or  SABHB  coaaand. 

6.5. 1.3  Asynchronous  Balanced  Node  (ABN) 

ARN  is  a Coabined  station  inforaation  transfer  aode  in  which  the 
Coabined  stations  utilize  Asynchronous  Respond  Opportunity  on  a 
balanced  link  configuration.  See  sections  2.2.2  and  6.2.2.  This 
aode  is  selected  by  a SABH  or  SABRE  coaaand.  A Coabined  station 
nay  transait  coaaand  fraaes  at  any  tiae;  therefore,  the  ABN 
definition  only  describes  and  applies  to  the  response  fraae 
transaitting  and  coaaand  fraae  receiving  capability  of  the 
Coabined  stations. 

6.5.2  Checkpointing 

As  the  P and  F bits  are  always  exchanged  as  a pair  (for  every  P 
there  is  one  F,  and  the  next  P aust  not  be  issued  until  the 
previous  P has  been  aatched  with  an  F or  until  the  response  tiaer 
expires),  the  M (R)  contained  in  a fraae  with  a P or  F bit  set  to 
"1"  can  be  used  to  detect  I fraae  sequence  errors.  This 
capability  can  provide  early  detection  of  fraae  sequence  errors 
and  indicate  the  I fraae  sequence  nusber  to  begin  retransaission. 
This  capability  is  referred  to  as  checkpointing. 

•bile  in  ITS  the  Priaary/Coabined  station  shall  exaaine  the  N(B) 
contained  in  any  received  I or  S fraae  with  the  F bit  set  to  "1". 
See  section  9.2.1  for  additional  qualifying  conditions. 
Appropriate  error  recovery  procedures  shall  be  initiated  if  this 
f (R)  does  not  acknowledge  all  I fraaes  transaitted  by  the 
Priaary/Coabined  station  prior  to  and  including  the  last  conaand 
fraae  sent  with  the  P bit  set  to  "1".  See  Section  B.  2. 1 for 
additional  qualifying  conditions. 

Siailarly,  while  in  ITS  the  Secondary  station  shall  exaaine  the 
1 (R)  contained  in  any  received  I or  S fraae  with  the  P bit  set  to 
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"1".  Appropriate  error  recovery  procedure  shall  be  initiated  if 
this  N(R)  does  not  acknowledge  all  I frases  transaitted  by  the 
Secondary  station  prior  to  and  including  the  last  response  frane 
with  the  F bit  set  to  "1".  See  Section  8.2.1  for  additional 
qualifying  conditions. 

In  all  cases  the  N (R)  cf  a correctly  received  I or  S fraae  shall 
confira  previously  tiansaitted  I f rases  through  N(B)-1. 
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7.0  COHNANDS  AND  RESPONSES 


This  standard  defines  the  link  control  operation  in  terns  of  the 
actions  and  internal  nodes  of  the  Seccndary/Coabined  station. 
The  actual  link  nsanageaent  procedure  (i.e. , sequence  of  connands 
and  related  responses)  is  application  and  link  configuration 
dependent.  Consequently,  specific  Primary/Coabined  station 
coanand  sequences  are  not  defined  but  left  to  the  designer  of  the 
Prlaary/Conbined  station  link  control. 

Sections  7.1  through  7.3  contain  the  definition  of  the  set  of 
coaaands  and  responses  (listed  below)  for  each  of  the 
transaission  foraats. 


Information  Transfer  Foraat  Commands 
I - Tnforaation 

Supervisory  Foraat  Coaaands 

RR  - Receive  Ready 

RNR  - Receive  Not  Ready 

RPJ  - Reject 

SREJ  - Selective  Reject 


Ii]f oiaaiiSfl  Transfer  £2011  Je^poj 
I - Inforaation 


Supervisory  Foraat  Responses 
RR  - Receive  Ready 
RNR  - Receive  Not  Ready 


REJ  - Reject 
SREJ  - Selective  Reject 


I 
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Unnumbered  Format  Responses 


Onnuiahored  Format  Commands 
Mode-Setting  Commands 


UA  - Unnumbered  Acknowledgement 
DM  - Disconnected  node. 


Set  Normal  Response  node 
Set  Asynchronous  Response  Mode 
Set  Asynchronous  Balanced  node 
Set  Normal  Response  node 
Extended 

Set  Asynchronous 

Response  node  Extended 

Set  Asynchronous  Balanced  Bode 

Extended 

Set  Initialization  node 
Disconnect 


SNRM 
SARA 
SA8M 
SNRfl  E 


BIH  - Request  Initialization  node 


S ARME 


01  - Onnuabered  Information 


01  - Onnuabered  Information 
OP  - Onnuabered  Poll 


RSET  - Reset 


XID  - Exchange  Identification 


XID  - Exchange  Identification 


Ncp-ReserTed  Response^ 
4 Encodings 


4 Encondings 


7.1  Information  Transfer  Foraat  (I)  Ccaaand/Response 

The  function  of  the  Information  (I)  ccmmand/response  is  to  efficiently 
transfer  sequentially  numbered  frames  containing  an  optional  information 
field. 


- 
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The  encoding  of  the  I coana nd/response  control  field  is: 


I Foraat  Ccaaand/Response 
< Control  Field >1 


First  Bit  Transaitted 

I 

¥ 


Control  Field  Bits:  1 


I 0 | 

t— — . 


■ (S) 


I P/F  I H(R) 


I 

I 

I 

I 

V 


Infornation 
Transfer  Foraat 


I 

I 

¥ 


Receive  Sequence 
Muaber  Rodulo  8 


Ccaaand:  Poll 
Response:  Final 


Send  Sequence 
Nuaber  Hodulc  8 


For  extended  control  field  foraat  see  Section  9.2.2. 


The  I fraae  control  field  contains  two 


sequence  nuabers:  N (S) , 
Send  Sequence  Nuaber,  which  indicates  the  sequence  nuaber 
associated  with  the  I fraae;  N (R)  , Receive  Sequence  Nuaber,  which 
indicates  the  sequence  nuaber  of  the  next  expected  I fraae  (i.e., 
I fraaes  nuabered  up  to  and  including  M(R)-1  are  accepted.) 


An  I fraae  with  P/F  bit  set  to  "1"  Bay  report  the 
station  busy  condition  as  specified  in  Section  8.1.3. 


end  of  a 


See  Sections 
operation. 


6.1,  6.5.2  and  8.2.1  for  description  of  P/F  bit 
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7.2  Supervisory  Format  (S)  Coaaands/Besponses 

Supervisory  (S)  comaands/responses  are  used  to  pecfora  basic 
supervisory  link  control  functions  such  as  I fraae 
acknowledgement,  polling,  temporary  interruption  of  information 
(I/IJI)  transfer,  and  error  recovery. 

i 

Fraaes  with  the  S foraat  do  not  certain  an  information  field. 
Therefore,  a station  does  not  increment  its  Send  Variable  (S) 
upon  the  transaission  of  an  S foraat  fraae  nor  does  it  increaent 
its  Receive  Variable  (R ) upon  accepticg  an  S format  frame. 

The  encoding  of  the  S coaaand/response  control  field  is: 
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f 

I 


Supervisory  Fermat 
|< Control  Field 

I 

I 

First  Bit  Transmitted 

I 

I 

I 

V 


Control  Field  Bits: 


>1 

I 

I 


Bits:  123 

4 5 6 

7 8 

I 1 0 | 

S |P/F  | 

N (R)  J 

1 

1 

1 

1 

1 

1 1 

1 1 

1 1 

1 1 

1 1 

j 

! 1 
• 

V 

1 V 

j 

Supervisory 

1 Command 

Receive 

Format 

| Poll 

Seq  uence 

Number 

Modulo  8 

| Response 

| Final 

Commands 


I*  - Receive  Reasy 
e#m  - Receive  Rot  Ready 
III  - Reject 
it)  - Selective  Reject 


Pesponses 


00  RR  - Receive  Ready 

10  FNR  - Receive  Not  Ready 

01  REJ  - Reject 

11  SBEJ  - Selective  Reject 


10 


I 
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Por  extended  control  field  format  see  Section  5.2.2. 

An  S frame  contains  an  N ( R) , Receive  Sequence  Number,  which 
indicates  the  sequence  niimber  of  the  next  expected  I frame  (i.e., 
all  received  I frames  numbered  up  tc  and  including  I(R)-1  are 
accepted).  See  Sections  6.1,  6.5.2  and  8.2.1  for  description  of 
the  P/P  bit  operation. 


7.2.1  Receive  Ready  (RB)  Coamand/Resp cnse 

Receive  Ready  (RR)  is  used  by  a station  to:  1)  indicate  it  is 
ready  to  receive  an  I frame  and  2)  acknowledge  I frames  numbered 
up  to  and  including  N(B)-1. 

The  Pri mary/Combined  station  say  use  the  BB  command  with  the  P 
bit  set  to  "1"  to  solicit  responses  from  (poll)  a 
Secondary /Combined. 

An  RR  frame  is  one  way  to  report  the  end  of  a station  busy 
condition.  See  Section  8.1.3. 

7.2.2  Receive  Not  Ready  (RNR)  Comma nd/Response 

Receive  Not  Ready  (RNR)  is  used  by  a station  to  indicate  a "busy" 
condition;  i.e.,  the  temporary  inability  to  accept  additional 
incoming  information  (I  or  01 ) frames.  I frames  numbered  up  to 
and  including  N(R)-1  are  acknowledged.  I frame  N (R)  and  any 
subsequent  I frames  received,  if  any,  are  not  acknowledged;  the 
acceptance  status  of  these  frames  will  be  indicated  in  subsequent 
■exchanges. 

The  Pri mary/Combined  station  may  also  use  the  RNR  command  with 
the  P bit  set  to  "1"  to  obtain  the  receive  status  of  a 
Secondary/Combined  station.  The  Secondary/Combined  station 
response  will  be  a frame  with  the  P bit  set  to  "1".  See  Section 
8.1,  Busy  Condition,  for  further  details  on  RNR  usage. 

7.2.3  Reject  (REJ)  Command/Response 

Reject  (REJ)  is  used  by  a station  to  request  retransmission  of  I 
frames  startinq  with  the  frame  numbered  N(B).  I frames  numbered 
N (R) -1  and  below  are  acknowledged.  Additional  I frames  pending 
initial  transmission  nay  be  transmitted  following  the 
retransmitted  I frame(s). 

Only  one  REJ  exception  condition,  frcn  a given  station  to  another 
station,  may  be  established  at  any  given  tine;  another  REJ  or 
SREJ  may  not  be  transmitted  (i.e.,  actioned)  until  the  first  REJ 
exception  condition  has  been  cleared  at  the  sender. 
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The  REJ  exception  condition  is  cleared  (reset)  upon  acceptance  of 
an  I fraae  with  an  N (S)  number  equal  to  the  N (R)  of  the  REJ 
command/response  or  after  a timeout  has  occurred. 


An  REJ  is  one 
See  Section  8. 


way 

1.3 


to  report  the  end  cf  a station  busy  condition. 


See  Section  8.2  for  sequence  error  recovery  protocols. 
7.2.9  Selective  Reject  (SREJ)  Comma nd/Response 


Selective  Reject  (SREJ)  is  used  by  a station 
retransmission  of  the  single  I frame  numbered  N(R). 
to  and  including  N(R)-1  are  acknowledged. 


to  request 
I frames  up 


The  SREJ  exception  condition  is  cleared  (reset)  upon  acceptance 
of  an  I fraae  with  an  N (S)  number  egual  to  the  N (B)  of  the  SREJ 
command/response. 


After  a station  transmits  a SREJ  it  may  not  transmit  SREJ  (except 
for  a SREJ  with  P or  F bit  set  to  "1"  and  with  N(R)  equal  to  the 
N (P)  of  the  first  SREJ;  see  Section  3.2.3)  or  REJ  for  an 
additional  sequence  error  until  the  first  SREJ  error  condition 
has  been  cleared  or  a response/coama nd  timeout  has  occurred.  (To 
do  so  would  acknowledge  as  correctly  received  all  I frames  up  to 
and  including  N(H)-1,  where  N(R)  is  the  sequence  number  in  the 
second  SREJ  or  REJ.) 


I frames  that  may  have  been  transmitted  following  the  I frame 
indicated  by  the  SREJ  command/response  are  not  retransmitted  as 
the  result  of  receiving  an  SREJ.  Additional  I frames  pending 
initial  transmission  may  be  transmitted  following  the 
retransmission  of  the  specific  I frame  requested  by  the  SREJ. 


An  SREJ  is  one  way  to  report  the  end  cf  a station  busy  condition. 
See  Section  8.1.3. 


See  Section  8.2  for  sequence  error  recovery  protocols. 


7.3  Unnumbered  Format  (0)  Commands/Responses 


Unnumbered  (U)  commands  and  responses  are  used  to  exteod  the 
number  of  link  supervisory  functions.  U frames  do  not  increment 
the  Send  Variable  (S)  at  the  transmitting  station  or  increment 
the  Receive  Variable  (R)  at  the  receiving  station.  Five 
"modifier"  bits  are  defined  which  allow  up  to  32  additional 
command  functions  and  32  additional  response'  functions. 


The  encoding  of  the  U command/response  control  field  is: 
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Onnuabered  Poraat 
Control  Field 


Onnuabered  Poraat 


5 "Hodlfier"  Bits 


Coaaand:  Poll 
Response:  Final 


For  extended  control  field  fornat  see  Section  5.2.2 


See  Sections  6.1,  6.5.2  and  8.2.1  for  description  of  the  V/F  bit 
operation. 


7.4  Onnuabered  Foraat  Coaaands 


Unnuabered  foraat  coaaands  are  grouped  according  to  the  function 
perf oraed: 

- Node-setting  coaaands:  SNBH,  SIRS,  S ABN,  SNR  BE,  SARNE, 

S ABBE,  SIN,  DISC 


Inforaation  transfer  coaaands:  01,  OP 


Recovery  coaaands:  RSET 


Niscellaneous  coaaands:  XID 


Ron-reserved  coaaands:  4 encodings 


The  following  0 foraat  ccaaands  are  defined;  other  coaaands  nay 
be  defined  in  the  future  if  required.  All  bit  encodings  not 
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defined  are  reserved  for  future  standard  assignment. 
First  Bit  Transmitted 


Control 

Field 

Bits 

1 

l 1 

4 5 

6 

2 S 

1 

1 

0 

0 

p 

0 

0 

1 

SNRN  Command 

1 

1 

1 

1 

p 

0 

0 

0 

SARN  Command 

1 

1 

1 

1 

p 

1 

0 

0 

SA8H  Command 

1 

1 

1 

1 

p 

0 

1 

1 

SNRHE  Command 

1 

1 

1 

1 

p 

0 

1 

0 

SARNE  Command 

1 

1 

1 

1 

p 

1 

1 

0 

SABBE  Command 

1 

1 

1 

0 

p 

0 

0 

0 

SIN  Command 

1 

1 

0 

0 

p 

0 

1 

0 

DISC  Command 

1 

1 

0 

0 

p 

0 

0 

0 

01  Command 

1 

1 

0 

0 

p 

1 

0 

0 

OP  Command 

1 

1 

1 

1 

p 

0 

0 

1 

RSET  Command 

1 

1 

1 

1 

p 

1 

0 

1 

XI D Command 

1 

1 

0 

1 

p 

0 

0 

0 

Non-Reserved  Command 

1 

1 

0 

1 

p 

0 

0 

1 

Non-Beserved  Command 

1 

1 

0 

1 

p 

0 

1 

0 

Non-Reserved  Command 

1 

1 

0 

1 

p 

0 

1 

1 

Non-Reserved  Command 

extended 

control 

field 

forma  t 

see 

Section  5.2.2. 

See  sections  6.1,  6.5.2  and  8.2.1  fcr  description  of  the  P bit 
operation. 

7.4.1  Node-Setting  Commands 

Node-setting  commands  are  transmitted  by  the  Prinar y/Conbined 
station  to  reset  or  change  the  mode  of  the  addressed 
Secondary/Combined  station.  Once  established  a node  remains  in 
effect  at  a Secondary  station  until  the  next  mode-setting  command 
is  accepted,  and  at  a Combined  station  until  the  next 
mode-setting  command  is  either  accepted,  or  transmitted  and 
acknowledged. 

The  SNRN,  SARN,  S ABN,  SNRHE,  SARNE,  SA8NE,  SIN,  and  DISC  commands 
require  the  Secondary/Combined  station  tc  acknowledge  acceptance 
by  responding  with  a single  Unnumbered  Acknowledgement  (DA)  frame 
at  the  first  respond  opportunity.  The  transmission  of  a 0 A 
response  following  the  receipt  of  one  of  these  commands  takes 
precedence  over  any  other  responses  which  may  be  pending  at  the 
Secondary/Combined  station.  If  more  than  one  of  these  0 commands 
is  received  by  a Secondary/Combined  station  prior  to  a respond 
opportunity,  a sinqle  transmitted  II A response  refers  to  the  first 
such  command  received;  i.e. , any  additional  I,  S or  0 commands 
subsequently  received  are  monitored  only  to  detect  the  next 
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respond  opportunity. 

In  the  case  of  THA  operation,  following  the  receipt  of  one  of 
these  U commands,  a Seccnda ry/Coab ined  station  is  restricted  to 
transmitting  a single  UA  response  fraae.  In  the  case  of  TVS 
operation  a Secondary/Cosbined  station  which  is  transsitting 
concurrent  to  the  receipt  of  one  of  these  0 coanands  will 
initiate  transsission  of  a single  UA  response  fraae  at  the  first 
respond  opportunity.  The  Seconds ry/Ccsb ined  station  say  continue 
transmission  following  return  of  the  UA  response  as  appropriate 
to  its  respond  opportunity. 

In  the  case  of  the  operational  node-setting  cossand  (SASH,  SNRfl, 
S ABN,  SARHE,  SNRflE,  SABNE)  the  respond  opportunity  at  the 
Secondary  station  is  determined  by  the  cosmand  received  (i.e., 
the  node  to  which  the  Secondary/Cosbined  station  is  directed 
dictates  when  the  response  is  transmitted): 

1.  Upon  receipt  of  a SNRfl  or  SNRflE  cossand  with  the  P bit 

set  to  "1",  the  Secondary  station  responds  with  a 
single  UA  frase  with  the  F bit  set  to  "1";  if  the  SNRfl 
or  SNRflE  P bit  is  set  to  "0",  the  Secondary  station 
waits  until  a cossand  frame  with  the  P bit  set  to  "1" 
is  received  and  then  responds  with  a single  UA  fraae 

with  the  P bit  set  to  "1",  or  until  a UP  cossand  (with 

the  P bit  set  to  "0")  is  received  and  then  responds 

with  a single  UA  fraae  with  the  F bit  set  to  "0". 

2.  Upon  receipt  of  a SARA  cr  SARHE  cossand,  with  or 

without  the  P bit  set  to  "1",  the  Secondary  station 
will  transsit  a single  UA  fraae: 

a.  upon  detection  of  an  Idle  Link  State  in  TRA 

operation,  or 

b.  at  the  earliest  respond  opportunity  in  THS 

operation. 

The  UA  fraae  will  have  the  F bit  set  to  "1"  if  the 
cossand  has  the  P bit  set  tc  "1". 

3.  Upon  receipt  of  a SABM  cr  SABRE  cossand,  with  or 

without  the  P bit  set  to  "1",  the  Coabined  station  will 
transait  a single  UA  frase: 

a.  upon  detection  of  an  Idle  Link  state  in  TRA 

operation,  or 

b.  at  the  earliest  respond  opportunity  in  TNS 

operation. 
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The  UA  franc  will  have  the  F bit  set  to  "1"  if  the 
command  has  the  P bit  set  to  "1". 

In  the  case  of  the  non-operationa 1 acde-setting  coaaands  (SIR  or 
DISC)  the  Secondary/Coabined  station  will  respond  with  a single 
UA  frame  at  its  system-defined  respcrd  opportunity;  i.  e.  , a given 
Secondary/Comb ined  station  is  systea  defined  to  always  use  the 
normal  respond  opportunity  or  the  asynchronous  respond 
opportunity  for  the  UA  response. 

If  the  Secondary/Coahined  station  can  not  accept  a node-setting 
command,  it  will,  at  its  first  respond  opportunity,  transait  one 
of  the  responses,  DR,  PRMR,  RD  or  RIB,  as  appropriate,  indicating 
non-acceptance  of  the  coaaand. 

NOTE:  The  protocol  defined  here  reguires  that  the 
Priaary/Ccobined  station  restrict  the  transaission  of  U coaaands 
which  require  UA  responses  so  that  only  one  such  coaaand  is 
outstanding  (not  acknowledged)  to  any  given  Secondary/Coabined 
station  at  any  given  tiae.  This  eliminates  the  requirement  for 
the  Secondary/Coabined  station  to  queue  responses  and  prevents 
any  ambiguity  relative  to  the  meaning  of  the  UA  response. 

7.4. 1.1  Set  Normal  Response  Node  (SNRH)  Coaaand 

The  SNR H coaaand  is  used  to  place  the  addressed  Secondary  station 
in  NRN  where  all  control  fields  are  one  octet  in  length.  No 
information  field  is  permitted  with  the  SNRH  coaaand. 

Upon  acceptance  of  this  coaaand  the  Secondary  station  Send  and 
Receive  Variables  are  set  to  zerc.  The  Secondary  station 
confirms  acceptance  of  SNRH  by  transaission  of  a UA  in  the 
unextended  control  field  foraat. 

Previously  transmitted  I fraaes  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged.  Transaission  of  SNRH 
is  one  way  to  report  the  end  of  a Priaary  station  busy  condition. 
See  Section  8.1.3. 

7.4. 1.2  Set  Asynchronous  Response  Bode  (SARH)  Coaaand 

The  SARI  coaaand  is  used  to  place  the  addressed  Secondary  station 
in  ARB  where  all  control  fields  are  one  octet  in  length.  No 
information  field  is  peraitted  with  the  SARH  coaaand. 

Upon  acceptance  of  this  coaaand  the  Secondary  station  Send  and 
Receive  Tnriables  are  set  to  zerc.  The  Secondary  station 
confirms  acceptance  of  SARH  by  the  transaission  of  a UA  response 
in  the  uneztended  control  field  foraat. 

Previously  transmitted  I fraaes  that  are  unacknowledged  when  this 
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command  is  actioned  reaain  unacknowledged.  Transaission  of  SARA 
is  one  way  to  report  the  end  of  a Priaary  station  busy  condition. 

See  Section  8.1.3. 

. 

t 

7.4. 1.3  Set  Asynchronous  Balanced  node  (SABH)  Coaaand 

$ 

The  SABH  command  is  used  to  place  the  addressed  Combined  station 
in  ARH  where  all  control  fields  are  one  octet  in  length.  No 

3 

information  field  is  peraitted  with  the  SABH  coaaand. 

Upon  acceptance  of  this  cotiani  the  Combined  station  Send  and 
Receive  Variables  are  set  to  zero.  The  Coabined  station  confiras 
acceptance  of  SABN  by  the  transaissicn  of  a UA  response  in  the 
unextended  control  field  foraat. 

Previously  transmitted  1 fraaes  that  are  unacknowledged  when  this 
coaaand  is  actioned  reaain  unacknowledged.  Transaission  of  SABS 
is  one  way  to  report  the  end  cf  a Coabined  station  busy 
condition.  See  Section  8.1.3. 

7.4. 1.4  Set  Normal  Response  node  Extended  (SNRHE)  Coaaand 

The  SNRBE  command  is  used  to  place  the  addressed  Secondary 
station  in  NR H where  all  control  fields  will  be  two  octets  in 
length  as  defined  in  Section  5.2.2.  Nc  information  field  is 
permitted  with  the  SNRHE  coaaand. 

Upon  acceptance  of  this  coaaand  the  Secondary  station  Send  and 
Receive  Variables  are  set  to  zero.  The  Secondary  station 
confirms  acceptance  of  SNRHE  by  transmission  of  a UA  response  in 
the  extended  control  field  format. 

Previously  transmitted  I fraaes  that  are  unacknowledged  when  this 
coaaand  is  actioned  reaain  unacknowledged.  Transaission  of  SARHE 
is  one  way  to  report  the  end  of  a Primary  busy  condition.  See 
Section  8.1.3. 

7.4. 1.5  Set  Asynchronous  Response  Node  Extended  (SARHE)  Coaaand 

The  SARHE  coaaand  is  used  to  place  the  addressed  Secondary 
station  in  ARH  where  all  control  fields  will  be  two  octets  in 
length  as  defined  in  Section  5.2.2.  No  inforaation  field  is 
permitted  with  the  SARHE  coaaand. 

Upon  acceptance  of  this  coaaand  the  Secondary  station  Send  and 
Receive  Variables  are  set  to  zero.  The  Secondary  station 
confirms  acceptance  of  SARHE  by  transaission  of  a UA  response  in 
the  extended  control  field  foraat. 

Previously  transmitted  I fraaes  that  are  unacknowledged  when  this 
coaaand  is  actioned  reaain  unacknowledged.  Transaission  of  SARHE 
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condition.  See 


7.4. 1.6  Set  Asynchronous  Balanced  node  Extended  (SABHE)  Coaaand 


The  SABtE  coaaand  is  used  to  place  the  addressed  Combined  station 
in  ABN  where  all  control  fields  will  be  two  octets  in  length  as 
defined  in  Section  S.2.2.  No  inforaation  field  is  peraitted  with 
the  SABHE  coaaand. 


Upon  acceptance  of  this  coaaand  the  Ccabined  station  Send  and 
Receive  Variables  are  set  to  zero.  The  Coabined  station  confiras 
acceptance  of  SABHE  by  transnission  of  a UA  response  in  the 
extended  control  field  foraat. 


Previously  transnitted  I fraaes  that  are  unacknowledged  when  this 
coaaand  is  actioned  reaain  unacknowledged.  Transaission  of  SABHE 
is  one  way  to  report  the  end  of  a Ccabined  station  busy 
condition.  See  Section  8.1.3. 


7.4. 1.7  Set  Initialization  Node  (SIB)  Coaaand 


The  SIN  coaaand  is  used  to  cause  the  addressed  Secondary/Coabined 
station  to  initiate  a station-specified  procedure (s)  to 
initialize  its  link  level  control  functions  (e.g.  , accept  a new 
proqraa  or  update  operaticnal  parameters).  No  inforaation  field 
is  peraitted  with  the  SIH  coaaand. 

The  Secondary/Coabined  station  ccnficas  acceptance  of  SIH  by 
transaission  of  a UA  response.  The  respond  opportunity  and  the 
control  field  foraat  of  the  UA  response  are  systea  defined. 

Previously  transnitted  1 fraaes  that  are  unacknowledged  when  this 
coaaand  is  actioned  reaain  unacknowledged. 


7.4. 1.8  Disconnect  (DISC)  Coaaand 


The  DISC  coaaand  is  used  to  perfora  a logical  disconnect;  i.e., 
infora  the  addressed  Secondary/Coabined  station  that  the 
transnitting  Pri aary/Coabined  station  is  suspending  operation 
with  that  Secondary/Coabined  station.  In  switched  networks,  this 
logical  disconnect  function  at  the  data  link  level  nay  serve  to 
initiate  a physical  disconnect  operation  at  the  physical 
interface  level;  i.e.,  to  go  "on-hock".  No  inforaation  field  is 
peraitted  with  the  DISC  coaaand. 

The  Secondary/Coabined  station  confiras  acceptance  of  DISC  by  the 
transnission  of  a UA  response.  The  respond  opportunity  and  the 
control  field  foraat  of  the  UA  response  is  systea  defined.  A 
Secondary/Coabined  station  in  ADH  cc  NDH  will  transait  a DH 
response  upon  receiving  a DISC  coaaand.  The  respond  opportunity 
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and  control  field  format  after  receipt  of  DISC  is  system  defined 
for  any  given  Secondary  station.  The  respond  opportunities  are 
defined  in  Section  6.2. 


Previously  transmitted  I frames  that  are  unacknowledged  when  this 
command  is  actioned  remain  unacknowledged. 


7.4.2  Unnumbered  Information  Transfer  Commands 


Unnumbered  information  transfer  commands  are  used  to  exchange 
frames  containing  information. 


7.4. 2,1  Unnumbered  Information  (UI)  Command 


The  nt  command  is  used  to  transfer  an  information  field  to  a 
Secondary/Combined  station  or  group  cf  Secondary  stations  without 
impacting  the  Send  and  Receive  Variables.  The  information  field 
is  optionally  present  with  the  UI  command.  Reception  of  the  UI 
frame  is  not  sequence  number  verified;  therefore,  the  frame  nay 
be  lost  if  a link  exception  occurs  during  transmission  of  the  01, 
or  duplicated  if  an  exception  occurs  during  any  reply  to  the  UI. 
Examples  of  UT  frame  information  are  higher  level  status, 
operation  interruption,  temporal  data  (e.g.,  time-of-day)  , or 
link  initialization  parameters. 

* 

See  Appendix  B,  7.4.2. 1 for  additional  explanatory  information. 


7.4. 2. 2 Unnumbered  Poll  (UP)  Command 


The  UP  command  is  used  to  solicit  response  frames  from  a single 
Secondary/Combined  station  (Individual  Poll)  or  from  a group  of 
Secondary  stations  (Group  Poll) , by  establishing  a logical 
operational  condition  that  exists  at  each  addressed  station  for 
one  respcnd  opportunity.  (In  the  case  of  a Group  Poll,  the 
mechanism  employed  to  control  (schedule)  the  response 
transmissions  (to  avoid  simultaneous  transmissions)  is  considered 
to  exist  and  is  not  defined  in  this  standard.)  Secondary 
stations  receiving  UP  with  a group  address  will  respond  in  the 
same  manner  as  when  addressed  using  an  individual  address.  The 
response  frame  (s)  will  contain  the  sending  Secondary/Combined 
station  individual  address,  plus  N(S)  and  N (R)  numbers  as 
required  by  the  particular  responses.  (The  continuity  of  each 
Secondary/Combined  station  N(S)  will  be  maintained.)  The  UP 
command  does  not  acknowledge  receipt  cf  any  response  franes  that 
may  have  been  oreviously  transmitted  by  the  Secondary/Combined 
station.  No  information  field  is  permitted  with  the  UP  command. 


A Secondary/Combined  station  which  receives  a UP  with  the  P bit 
set  to  "1"  will  respond  (at  its  respond  opportunity  and 
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vith  a fraae  which  has  the 


A Secondarv/Combined  station  which  receives  a OP  with  the  P bit 
set  to  "0"  way  or  nay  not  respond;  responses  will  have  the  F bit 
set  to  "0M  in  all  response  frames.  A Second* ry/Coabined  station 
will  respond  to  a received  OP  which  has  the  P bit  set  to  "0"  when 
1)  it  has  an  I/OI  fraae  (s)  to  send,  2)  it  has  accepted  but  not 
acknowledged  an  I frame  (s),  3)  it  has  experienced  an  exception 
condition  or  change  of  status  that  has  not  been  reported,  4)  it 
has  a status  to  be  reported  (e.g.,  OH,  PRHR,  or  optionally  an 
appropriate  fraae  to  report  a no  traffic  condition). 


7.4.3. 1 Reset  (RSET)  Coaaand 


The  RSET  command  is  transaitted  by  a Combined  station  to  reset 
the  Receive  State  Variable  (R)  and  applicable  FRHR  conditions  in 
the  addressed  Combined  station.  No  information  field  is 
permitted  with  the  RSET  conmand. 


Dpon  acceptance  of  this  coaaand  the  station  Receive  State 
Variable  (R)  is  set  to  zero.  The  Combined  station  coofiras 
acceptance  of  RSET  by  transmission  of  the  UA  response  while 
remaining  in  the  previously  established  operational  mode.  If  the 
DA  is  received  correctly,  the  initiating  Combined  station  resets 
its  Send  state  Variable  (S).  Previcusly  transmitted  I fraaes 
that  are  unacknowledged  when  this  coaaand  is  actioned  reaaio 
unacknowledged. 


The  RSET  command  will  clear  all  fraae  rejection  conditions  except 
for  an  invalid  N (R)  condition  in  the  addressed  Coabined  station. 
The  RSET  coaaand  may  be  sent  by  a Ccabined  station  which  detects 
an  invalid  N(R)  instead  of  reporting  such  a fraae  rejection 
condition  via  a ?RHR  response. 


7.4.4  Hiscellaneous  Commands 


7.4. 4.1  Exchange  Identification  (XID)  Command 

The  XID  coaaand  is  used  to  cause  the  addressed  Secondary/C ombined 
station  to  report  its  station  identification,  and  optionally  to 
provide  the  station  identification  of  the  transaitting 
Priaary/Combined  station  to  the  addressed  Secondary/Coabined 
station.  An  inforaation  field  is  optional  with  the  XID  coaaand; 
if  present  the  information  field  will  be  the  station  ID  of  the 
Priaary/Coabined  station.  The  Priaary/Coabined  station  aay  use 
the  glcbal  address  if  the  unique  address  of  the 
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Secondary/Coabined  station  is  not  known.  A Secondary/Coabined 
station  in  any  node  receiving  an  XID  coaaand  will  transait  an  XID 
response  unless  1)  a HA  response  is  pending*  2)  a FBH8  condition 
exists,  3)  a RIM  condition  exists,  or  4)  the  XID  coaaand  cannot 
be  actioned  in  a disconnected  aode. 


7.4.5  Non-Resetved  Coaaands 

Four  non-reserved  coaaands  are  specified  to  perait  the 
iapleaenter  to  define  special  syste n-dependent  functions  that  do 
not  have  qeneral  applicability.  Such  special  systen-dependent 
functions  are  beyond  the  scope  of  this  standard. 

7.9  Onnuabered  Poraat  Responses 

Unnumbered  forsat  responses  are  grouped  according  to  the  function 
perf oraed: 

- Responses  to  node-setting  and  status  requests: 

UA.DM.RIM 

- Information  transfer  responses:  01 

- Recovery  responses:  PRNR 

- Miscellaneous  responses:  XID,  ED 

- Mon- reserved  responses:  4 encodings 

First  Bit  Transaitted 


Control  Field  Bits 


12  1 

4 5 

6 

2 § 

1 1 

0 

0 

F 

1 

1 

0 

OA  Response 

1 1 

1 

1 

F 

0 

0 

0 

DM  Response 

1 i 

1 

0 

F 

0 

0 

0 

RIM  Response 

1 1 

0 

0 

F 

0 

0 

0 

UI  Response 

i 1 

1 

0 

F 

0 

0 

1 

FR MB  Response 

1 1 

1 

1 

F 

1 

0 

1 

XID  Response 

1 1 

0 

0 

F 

0 

1 

0 

BD  Response 

1 1 

0 

1 

F 

0 

0 

0 

Non-Beserved  Response 

1 1 

0 

1 

F 

0 

0 

1 

Non-Reserved  Response 

1 1 

0 

1 

F 

0 

1 

0 

Non-Reserved  Response 

1 1 

0 

1 

F 

0 

1 

1 

Non-Reserved  Response 

extended 

control 

field  format 

see 

Section  5.2.2. 

Sect  ions 

6.  1, 

6. 

5.2  and 

8.2. 

1 fee  description  of  the  F bit 

operation. 
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7.5.1  Responses  to  Node-Setting  and  Status  Requests 

| 

The  UA,  DN  and  RIH  responses  are  used  by  the  Secondary/Coabined 
station  to  request  transmission  cf,  or  to  respond  to,  the 
node-setting  ccaaands  of  the  Primar y/Coab ined  station;  DH  and  BIN 
are  additionally  used  to  indicate  Seccndar y/Conbined  station 
status. 

7.5. 1.1  Unnumbered  Acknowledgement  (UA)  Response 

The  UA  response  is  used  to  acknowledge  the  receipt  and  acceptance 
Of  the  SNRH , S ABN , SABH,  SNR  HE,  SARNE,  SABHE,  SIN,  DISC,  and  BSET 
Unnunbered  coanands  defined  in  Sections  7.4.1  and  7.4.3.  The  UA 
response  is  transaitted  in  the  basic  or  the  extended  control 
field  fornat  as  directed  by  the  received  Unnunbered  coanand.  No 
information  field  is  peraitted  with  the  UA  response. 

A nA  response  is  one  way  to  report  the  end  of  a station  busy 
condition.  See  Section  8.1.3. 

7.5. 1.2  Disconnected  Node  (DH)  Response 

The  ON  response  is  used  to  report  that  the  Secondary/Coabined 
station  is  in  the  logically  disconnected  state;,  i.e.,  the 
Secondary/Conbined  station  is,  per  systea  definition,  in  NON  or 
ADH.  See  Section  6.3. 

The  DN  response  is  sent  by  a Secondary/Coabined  station  in  NDH  or 
ADN  to  request  the  renote  Primary/Ccmbined  station  to  issue  a 
node-setting  command,  or,  if  sent  in  response  to  the  reception  of 
a node-setting  command,  to  infora  the  infora  the  addressed 
Primary /Combined  station  that  the  transmitting  Secondary/Coabined 
station  is  still  in  NDH/ADH  and  cannot  action  the  aode-setting 
command.  On  a switched  network  where  the  call  is  initiated  by  a 
Secondary/Coabined  station  DH  is  sent  to  request  a aode-setting 
command.  On  a non- switched  line  a Secondary/Coabined  station  in 
ADN  nay  send  the  DN  response  at  any  respcnd  opportunity.  No 
information  field  is  permitted  with  the  DN  response. 

A Secondary/Coabined  station  in  NDH  cr  ADH  will  monitor  received 
commands  (other  than  those  that  reset  the  disconnected  node)  only 
to  detect  a respcnd  opportunity  in  order  to  (re) transmit  DH  (or 
RIH  if  initialization  is  required)  ; i.e.,  no  I/UI  transmissions 
are  exchanged  until  the  disconnected  mode  is  reset  by  the 
acceptance  .of  SNR N , SABH,  S ABN,  SNRHE , SARHE,  SABflE,  OR  SIN. 

See  AppenHx  C,  Exaaple  5.5. 
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7.5. 1.3  Request  Initialization  (lode  (PIN)  Response 

The  RTN  response  is  used  to  reguest  the  SIM  command.  A 
Secondary/Comblned  station  which  has  established  a 81 H condition 
will  monitor  any  subsequently  received  commands  (other  than  SIN 
or  DTSC)  only  to  detect  a respond  opportunity  to  (re) transmit 
RIN;  i.e.r  no  command  t ran  scissions  are  accepted  until  the  BIN 
condition  is  reset  by  the  receipt  of  SIN  or  DISC.  No  information 
field  is  permitted  with  the  BIN  response. 


7.S.2  Unnumbered  Inforaation  Transfer  Besponses 

I • | 

Unnumbered  information  transfer  responses  are  used  to  exchange 
frames  containing  information. 


7.5. 2.1  Dnnuabered  Inforaation  (01)  Response 

The  ni  response  is  used  to  transfer  an  information  field  to  a 
Primary/Combined  station  without  impacting  the  Send  and  Receive 
Variables.  The  information  field  is  optionally  present  with  the 
01  response.  Reception  of  the  01  fraae  is  not  sequence-number 
verified;  therefore,  the  frame  may  be  lost  if  a link  exception 
condition  occurs  during  transmission  of  the  01,  or  duplicated  if 
an  exception  occurs  during  any  reply  to  the  UX.  Exaaples  of  01 
frame  information  are  higher  level  status,  operation 
interruption,  temporal  data,  and  link  initialization  parameters. 


7.5.3  Onnumbered  Recovery  Responses 

Onnuabered  recovery  responses  are  used  to  facilitate  the 
link- level  exception  condition  recovery  protocol. 


7.5. 3.1  Frame  Reject  (FRHB)  Response 

The  FRNR  response  is  used  to  report  an  error  condition  not 
recoverable  by  retransmission  of  the  identical  fraae;  i.e. , one 
of  the  following  conditions  resulted  froo  the  receipt  of  an 
error-free  fraae  from  the  Prlaary/Combined  station: 

1.  the  receipt  of  a control  field  that  is  invalid  or  not 
implemented. 

2.  the  receipt  of  an  I/UI  frame  with  an  information  field 
which  exceeded  the  aaxiaua  established  length. 

3.  the  receipt  of  an  invalid  N (R)  nuaber  froa  the  remote 
Priaary/Coabined  station. 
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An  invalid  N(R)  is  defined  as  a nuaber  which 
points  to  an  I fraae  which  has  previously  been 
transmitted  and  acknowledged,  or  to  an  I fraae 
which  has  not  been  transaitted  aad  is  not  the  next 
sequential  I fraae  pending  transaission. 

A Secondary/Coabined  station  in  a disconnected  aode  ( BOB  or  ADB) 
will  not  establish  a Fraae  Reject,  exception  condition. 


A basic  inforaaticn  field,  which  iaaediately  follows  the  basic 
control  field,  is  returned  with  this  response  to  provide  the 
reasoe—for  the  Fraae  Reject  response.  The  foraat  for  the  basic 
inforaation  field  is: 


•Basic  Inforaation  field 


•first  Bit 
Tranr.sitt*  1 


jne-Jocted  | | 

I Basic  Control  Field  | 0 | 


where 


Rejected  Control  Field  is  the  ccntrol  field  of  the  received 
fraae  which  caused  the  fraae  reject  exception  condition. 


N IS)  is  the  current  Send  Variable 
transaitting  the  FRHR  response. 


at  the  station 


C/R  is  set  to  "1"  if  the  fraae  which  caused  the  FRHR  was  a 
response  fraae,  or  is  set  to  "0"  if  the  fraae  that  caused 
the  FRHR  was  a command  fraae. 


W f R 1 is  the  current  Receive  Variable  (R)  at  the  station 
transaitting  the  FRHR  response. 

w stf  to  "I"  indicates  the  control  field  received  and 
returned  in  bits  1 through  8 was  invalid  or  not  iapleaented. 


X set  to  "I”  indicates  the  ccntrol  field  received  and 
returned  in  bits  1 through  A was  considered  invalid  because 


n 

i' 
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the  frame  contained  an  information  field  which  is  not 
permitted  with  this  fraoe.  Bit  R sust  be  set  to  "1"  in 
conjunction  with  this  bit. 

T set  to  "1"  indicates  the  infornation  field  received 
exceeded  the  maximum  established  capacity  of  the 
Secondary /Combined  station. 


Z if  set  to  "V  indicates  the 
returned  in  bits  1 through  8 
number. 


control  field  received  and 
contained  an  invalid  N(B) 


If  required,  the  information  field  associated  with  the  PRHR  may 
be  padded  with  zero  bits  so  as  to  end  on  any  convenient,  mutually 
aqreed  upon  character,  byte,  word  or  machine-dependent  boundary. 

PRHR  nay  have  bits  W,X,T,  and  Z all  set  to  zero;  however  the 
cause  for  fraoe  reject  shall  be  as  defined  in  1,  2 and  3 above. 

See  also  Section  8.4,  Prane  Reject  Exception  Condition. 

PRHR  Extended  Information  Field 

The  format  for  the  extended  information  field,  which*  immediately 
follows  the  extended  control  field  (see  Section  5.2.2),  returned 
with  the  PRHR  response  is: 


EafiSSB 


■Ri*«nilpJ  Information- 
Fipld  Bits 


7.5.4  miscellaneous  Responses 


7.5.4. 1 Exchange  Identification  (XID)  Response 


The  XID  response  is  used  to  reply  to  an  XID  command.  An 
information  field  containing  the  identification  of  the 
transmitting  Secondary/Combined  station  is  optionally  present 
with  the  XID  response.  A Seconder y/Coabined  station  receiving  an 
XID  command  will  action  the  XID  in  ary  mode  unless  1)  a set  node 
response  (UA)  is  pending,  2)  a PRHR  condition  exists,  3)  a BIB 
condition  exists,  or  4)  the  XID  can  not  be  actioned  in  a 
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disconnected  node 


On  switched  networks  when  the  Seccndary/Cosbined  station  is 
constrained  to  send  first,  it  may  use  the  XID  response,  which  say 
contain  an  optional  inforsation  field,  to  request  an  XID 
exchange,  see  Section  10.0,  Switched  Network  Conventions. 


7.S.4.2  Request  Disconnect  (BD)  Response 

The  RD  response  is  used  to  indicate  to  the  resote 
Primary/Conbined  station  that  the  transmitting  Secondary/Combined 
station  wishes  to  be  placed  in  a logically  disconnected  node  ( NDH 
or  ADH)  by  receiving  a DISC  connand.  BD  may  be  sent 
asynchronously  if  the  Secondary/Conbined  station  is  in  ABB/ABH, 
or  if  in  NRB  as  a response  to  a command  with  the  P bit  set  to  *1" 
or  a OP  with  the  P bit  set  to  "0".  See  Section  7. 4. 2. 2.  A 
Secondary/Combined  station  which  has  sent  an  RD  response  and 
receives  any  non-DISC  frane(s)  must  accept  the  command  frame(s) 
if  it  is  able  to  do  so.  If  the  Seccndary/Cosbined  station 
accepts  the  non-DISC  connand  frame(s),  it  follows  the  norsal 
ADCCP  elements  of  procedures  to  respond  to  the  Prinary/Conbined 
station  commands.  Secondary/Combined  station  acceptance  of 
non-DISC  frames  after  having  issued  an  BD  response  cancels  the  BD 
response,  if  the  Secondary/Combined  station  still  wants  to  be 
placed  in  disconnected  mode  (NDH  or  ACM),  it  must  re-issue  the  BD 
response.  A Secondary/Combined  station  which  cannot  accept 
non-DISC  command  frames  due  to  internal  problems  may  respond  with 
RD  again.  No  inforsation  field  is  permitted  with  the  BD 
response. 


Four  non-reserved  responses  are  specified  to  permit  the 
implementer  to  define  special  systew-dependent  functions  that  do 
not  have  general  applicability.  Such  special  systea-dependeot 
functions  are  beyond  the  scope  of  this  standard. 
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8.0  EXCEPTION  CONDITION  REPORTING  AND  RECOVERT 


This  section  specifies  the  procedures  to  be  observed  to  effect 
recovery  following  the  detection/cccurreoce  of  an  exception 
condition  at  the  link  level.  Exception  conditions  described  are 
those  situations  that  nay  occur  as  the  result  of  transmission 
errors,  station  malfunction  or  operational  situations. 

8.1  Busy  Condition 

A busy  condition  occurs  when  a station  temporarily  cannot  receive 
or  continue  to  receive  I or  01  f canes  due  to  internal 
constraints;  e.g.,  receive  buffering  liaitations.  The  busy 
condition  is  reported  by  transaissicc  of  an  RNR  frane  with  the 
N (R)  number  of  the  next  I frame  that  is  expected.  Traffic 
pending  transmission  at  the  busy  station  nay  be  transmitted  prior 
to  or  following  the  RNR.  The  continued  existence  of  a busy 
condition  must  be  reported  by  retransmission  of  RNR  at  each  P/P 
frame  exchange.  See  Section  8.1.3,  Clearing  Busy  Condition. 

8.1.1  Secondary/Conbined  Station  Receipt  cf  RNR  Command 

A Secondary  station  transmitting  TVS  in  NRH  will  upon  receipt  of 
an  RNR  command  cease  transmission  at  the  earliest  possible  time. 
The  frane  in  process  nay  be  completed  or  aborted;  however, 
transmission  must  be  terminated  with  the  P bit  to  set  to  "1"  (see 
Example  5.2.1,  Appendix  C) . The  Secondary  station  nay  resume 
transmission  of  I frames  at  the  next  poll  command  (an  RR,  REJ, 
SREJ,  or  T command  frame  with  the  p bit  set  to  "1"). 

A Secondary/Combined  station  transmitting  TVS  in  ARH/ABN  will, 
upon  receipt  of  an  RNR,  cease  transmitting  I or  01  frames  at  the 
earliest  possible  time  by  completing  or  aborting  the  frame  in 
process.  If  the  RNR  ccnmand  frame  had  the  P bit  set  to  "1"  the 
Secondary/Conbined  station  must  transmit  a frame  with  the  P bit 
set  to  "1".  See  Examples  5.4.1  and  5.4.3  in  Appendix  C.  The 
Secondary/Conbined  station  must  perform  a time-out  before 
resuming  asynchronous  transmission. 

8.1.2  Pr imar y/Combined  Station  Receipt  of  RNR  Response 

Prinary/Combined  station  receipt  of  an  RNR  response  indicates 
that  the  transmitting  Secondary/Conbined  station  has  a busy 
condition. 

8.1.3  Clearing  Busy  Condition 

The  busy  condition  is  cleared  at  the  station  which  transmitted 
the  RNR  when  the  internal  constraint  ceases. 
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Clearance  of  the  busy  condition  is  reported  to  the  remote  station 
by  transmission  of  an  RR,  REJ,  SREJ,  SARM , S ARNE,  SNRN,  SNBHE, 
SABN,  SABNE,  or  tJA  fcame  (with  or  without  the  P/F  bit  set  to 
”1").  A busy  condition  is  also  cleared  when  a Primary  station 
transmits  an  I frame  with  the  P bit  set  to  "1",  or  when  a 
Secondaty/Conbined  station  transmits  an  I frame  with  the  F bit 
set  to  " 1".  | 


An  N(S)  sequence  exception  is  established  in  the  receiving 
station  when  an  I frame  ceceived  error  free  (no  PCS  error) 
contains  an  R(S)  sequence  number  that  is  not  equal  to  the  Receive 
Variable  (R)  at  the  receiving  station.  The  receiving  station 
does  not  acknowledge  (increment  its  Receive  Variable  (H))  the 
frame  causing  the  sequence  error,  cr  any  I frames  which  may 
.follow,  until  an  I frame  with  the  correct  N (S)  number  is 
received.  Unless  SREJ  is  to  be  used  to  recover  from  a given 
sequence  error,  the  information  field  of  all  I frames  received 
whose  N (S)  does  not  equal  the  Receive  Variable  (R)  will  be 
discarded.  See  Section  8.2.3  for  SREJ  recovery. 


A station  which  receives  one  or  mere  I frames  having  sequence 
errors,  but  otherwise  error  free,  will  accept  the  control 
information  contained  in  the  N ( R)  field  and  the  ' P/F  bit  to 
perform  link  control  functions;  e.g.,  to  receive  acknowledgement 
of  previouslv  transmitted  I frames  (via  the  N (R ) ) , to  cause  a 
Secondaty/Combined  station  to  respond  (P  bit  set  to  "1") , and  in 
NRN  to  detect  that  the  Secondary  station  will  terminate 
transmission  (F  bit  set  to  "1").  The  retransmitted  frame  may 
contain  an  R (R)  and/or  P/F  bit  information  that  are  updated  and, 
therefore,  different  from  that  contained  in  the  originally 
transmitted  I frames. 


Following  the  occurrence  of  a sequence  error  the  following  means 
are  available  for  initiating  the  retransmission  of  lost  or 
errored  I frames. 


When  a station  receives  a frame  with  the  P/F  bit  set  to  "I",  it 
initiates  retransmission  of  all  unacknowledged  I frames  if  there 
are  any  unacknowledged  I frames  with  segueoce  numbers  less  than 
the  send  Variable  (S)  at  the  time  the  last  P/F  frame  was 
transmitted.  Retransmission  starts  with  the  lowest  numbered 
unacknowledged  I frame.  I frames  ace  retransmitted  sequentially, 
dew  frames  nay  be  transmitted  if  they  become  available.  Such 
retransmission  of  I frames  is  known  as  checkpoint  retransmission. 

Checkpoint  retransmission  is  not  initiated  under  the  following 
conditions: 
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1.  If  a REJ  with  the  P/P  bit  equal  to  "0"  has  been  received 
and  actioned,  checkpoint  retra nssission  is  inhibited  on  the 
next  P/P  frase  received. 


2.  If  a SREJ  with  the  P/P  bit  equal  to  "0"  has  been  received 
and  actioned,  retransmission  is  inhibited  on  the  next  frase 
with  the  P/P  bit  equal  to  "1"  when  this  frase  is  a SREJ  and 
contains  the  sane  N (R)  as  the  first  SREJ. 

3.  If  a Unnunbered  forsat  frase  with  the  P/P  bit  equal  to 
"1"  is  received,  P/P  bit  recovery  is  inhibited. 

4.  If,  after  sending  a frase  with  the  P/P  bit  set  to  "1",  a 
station  receives  an  acknowledgement  to  that  frase  before  the 
next  checkpoint  occurs. 


5.  If  an  SREJ  with  the  P/P  bit  egual  to  "1"  is  received, 
SREJ  retranssission  takes  precedence  over  checkpoint 
retranssission. 


8.2.2  REJ  Recovery 


The  REJ  conaand/response  is  primarily  used  to  initiate  an  earlier 
exception  recovery  (retranssission)  following  the  defection  of  a 
sequence  error  than  is  possible  by  P/P  bit  recovery;  e.g.,  in 
two-way  simultaneous  information  transfer  if  REJ  is  isnediately 
transmitted  upon  detection  of  a sequence  error  there  is  no 
requirement  to  wait  for  a frase  with  F/P  bit  set  to  "1". 


Only  one  "sent  REJ"  exception  condition,  froa  a given  station  to 
another  given  station,  is  established  at  a tine.  A "sent  REJ" 
exception  is  cleared  when  the  requested  I frase  is  received,  when 
a tine-out  function  expires,  or  when  a P/P  checkpoint  cycle  that 
was  initiated  concurrent  with  or  following  the  transmission  of 
REJ  is  conpleted.  when  the  station  perceives  by  tine-out  or  by 
the  checkpointing  nechanisa  that  the  requested  I frame  will  sot 
be  received,  because  either  the  requested  I frase  or  the  BEJ  was 
in  error/lost,  the  REJ  say  be  repeated. 

A station  receiving  REJ  initiates  sequential  (re) transmission  of 
I frames  starting  with  the  I frase  indicated  by  the  N(B) 
contained  in  the  REJ  frame. 


If  (1)  retranssission  beginning  with  a particular  frase  occurs 
due  to  checkpointing  (Sections  6.5.2  and  8.2.1),  and  (2)  a BEJ  is 
received  which  would  also  start  retranssission  with  the  same 
particular  frame  (as  identified  by  the  N (B)  in  the  BEJ),  the 
retransmission  resulting  from  the  BEJ  shall  be  inhibited. 
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8.2.3  SREJ  Recovery 

The  SREJ  command/response  is  primarily  used  to  initiate  aore 
efficient  error  recovery  by  requesting  the  retransaission  of  a 
single  I fraae  following  the  detectior  of  a seguence  error  rather 
than  the  retransaission  of  the  X frane  requested  plus  all 
additional  I fraaes  which  nay  have  been  subsequently  transmitted. 

Rote:  To  improve  transmission  efficiency  it  is  recoaaended  that 
the  SREJ  command/response  be  transmitted  as  the  result  of  the 
detection  of  a sequence  error  where  only  a single  I fraae  is 
aissing  (as  deterained  by  receipt  of  the  out-of-sequence  S (S) ) . 

Rhen  an  I fraae  sequence  error  is  detected,  the  SBEJ  is 
transaitted  at  the  earliest  possible  time,  when  a station  sends 
an  SREJ  with  the  P/F  bit  equal  tc  "0"  and  the  "sent  SREJ" 
condition  is  not  cleared  when  the  station  is  ready  to  issue  the 
next  frame  with  the  P/P  bit  equal  tc  "1",  the  station  sends  an 
SREJ  with  the  P/F  bit  equal  to  "1"  with  the  sane  H (R)  as  the 
original  SREJ. 

Since  a frame  sent  with  P/F  equal  "1"  has  the  potential  of 
causing  checkpoint  retransaission,  a station  will  not  send  an 
SREJ  with  the  same  N (R)  (saae  value  and  same  numbering  cycle)  as 
that  of  the  previously  sent  fraae  with  the  P/F  bit  equal  to  1. 

Only  one  "sent  SREJ"  exception  condition  froa  a given  station  to 
another  given  station  is  established  at  a tine.  A "sent  SREJ" 
exception  condition  is  cleared  when  the  requested  I fraae  is 
received,  when  time-out  function  expires,  or  when  a P/F 
checkpoint  cycle  that  was  initiated  concurrent  with  or  following 
the  transmission  of  SREJ  is  completed.  When  the  station 
perceives  by  tiaeout  or  by  the  checkpointing  aechanisa  that  the 
requested  I fraae  will  not  be  received,  because  either  the 
requested  I fraae  or  the  SREJ  was  in  errcr/lost,  the  SREJ  may  be 
repeated. 

When  a station  receives  and  actions  an  SBEJ  with  the  P/F  bit 
equal  to  "0",  it  will  disable  actioning  of  the  next  SREJ  if  the 
SREJ  has  the  P/F  bit  equal  to  "1"  and  has  the  same  R (R)  (i,e. , 
has  the  sane  value  and  saae  nuabering  cycle)  as  the  original 
SREJ. 

8.2.4  Time-out  Recovery 

In  the  event  a receiving  station,  due  to  a transmission  error, 
does  not  receive  (or  receives  and  discards)  a single  I fraae  or 
the  last  I t'raae(s)  in  a sequence  of  I fraaes,  it  will  not  detect 
an  out-of-sequence  exception  and,  therefore,  will  not  transmit 
SREJ/REJ.  The  station  which  transaitted  the  unacknowledged  I 
fraae (s)  shall,  following  the  coapleticn  of  a systea-specif led 
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tine-out  period,  take  appropriate  recovery  action  to  deternine 
the  sequence  nunber  at  which  retra nsnissicn  nust  begin. 

NOTE:  It  is  reconnended  that  a statioc  which  has  tiled  out 
waiting  for  a response  not  retransnit  all  unacknowledged  franes 
imediately.  a Secondary  station  in  AFfl  should,  in  this  tiae-out 
case,  either  retransnit  its  last  single  frane  or  transmit  new 
franes  if  they  are  available.  A Ptinaty/Conbined  station  nay 
enquire  status  with  a supervisory  frane. 

To  account  for  possible  retransiissicns  after  tine-out,  a 
receiving  station  should  not  set  a SREJ  condition  when  it 
receives  an  I frane  with  an  N(S)  one  less  than  its  Receive 
Variable  (R). 

If  a station  does  retransnit  all  unacknowledged  I franes  after  a 
tine-out,  it  nust  be  prepared  to  receive  a following  REJ  frane 
with  an  N (R)  greater  than  its  Send  Variable  (S)  . 

8.1  PCS  Error 

Any  frane  with  an  PCS  error  is  not  accepted  by  the  receiving 
station  and  is  discarded.  At  the  Secondary/Conbined  station  no 
action  is  taken  as  the  result  of  that  frane. 

8.4  Prane  Reject  Exception  Condition 

A frane  reject  exception  condition  is  established  upon  the 
receipt  of  an  error-free  frane  which  contains  an  invalid  or 
uni nplenented  control  field,  an  invalid  N (R)  or  an  infornation 
field  which  exceeded  the  naxinun  established  storage  capability. 

If  a frane  reject  exception  condition  occurs  in  a Prinary 
station,  or  is  reported  to  the  Prinary  station  by  a PRHR 
response,  recovery  action  will  be  taken  by  the  Prinary  station. 
This  recovery  action  includes  the  transmission  of  an  inpleaented 
set  node  connand.  Higher  level  functions  nay  also  be  included  in 
the  recovery. 

At  the  Secondary  station  this  exception  condition  is  reported  by 
transacting  a PRHR  response  to  the  Prinary  station  for 
appropriate  action.  Once  a Secondary  station  has  established  a 
PRHR  exception  any  additional  coanaods  (other  than  those  that 
reset  the  PRHR  exception  condition)  subsequently  received  are 
exaained  only  with  regard  to  the  state  of  the  N (R)  and  the  P bit; 
i.e. , only  to  update  the  acknovledgenent  of  I franes  previously 
transaitted  and  to  detect  a respond  opportunity  to  retransnit 
PRHR.  No  additional  transaissions  are  accepted  or  actioned  until 
the  condition  is  reset  by  the  receipt  of  an  iapleaented  set  node 
connand. 
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If  a frame  relect  exception  condition  occurs  in  a combined 
station,  the  station  will  either: 


take  recovery  action  without  reporting  the  condition  to 
the  remote  Combined  station,  cr 


report  the  condition  to  the  remote  Combined  station  with 
a FRRR  response.  The  remote  station  will  then  be 
expected  to  take  recovery  action;  if,  after  waiting  an 
appropriate  tine,  no  recovery  action  appears  to  have  been 
taken,  the  Combined  station  reporting  the  frame  reject 
exception  condition  may  take  recovery  action. 


Recovery  action  for  talanced  operation  includes  the  transmission 
of  an  implemented  mode-setting  or  RSET  command,  as  appropriate. 
Higher  level  functions  nay  also  be  involved  in  the  recovery. 


8.S  Node-Setting  Contention 


A mode-setting  contention  situation  exists  when  a Combined 
station  issues  a mode-setting  command  and,  before  receiving  an 
appropriate  response  (OA  or  DR)  , receives  a mode-setting  command 
fcom  the  remote  Combined  station.  Contention  situations  shall  be 
resolved  in  the  following  manner  (see  Appendix  C,  Example  8.5): 


When  the  send  and  receive  mode-$etting  commands  are  the 
same,  each  Combined  station  shall  send  an  QA  response  at 
the  earliest  respond  opportunity.  Each  Combined  station 
shall  either  enter  the  indicated  node  immediately  or 
defer  entering  the  indicated  node  until  receiving  an  OA 
response.  In  the  latter  case,  if  the  OA  response  is  not 
received,  (1)  the  node  may  be  entered  when  the  response 
timer  expires,  or  (2)  the  mode-setting  command  nay  be 
reissued. 


vhen  the  mode-setting  commands  are  different,  each 
Combined  station  shall  enter  ADN  and  issue  a DM  response 
at  the  earliest  respond  opportunity.  In  the  case  of  DISC 
contention  with  a different  mode-setting  command  no 
further  action  is  required.  In  the  case  of  contention 
between  SABN  and  SA8HE  commands,  the  Combined  station 
sending  SABRE  shall  have  priority  in  attempting  link 
establishment  after  the  DR  responses. 
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9.0  Til! E-OUT  FONCTIONS 


Time-out  functions  ace  used  to  detect  that  a required  or  expected 
acknowledging  action  or  response  has  not  been  received  to  a 
previously  transaitted  frame.  Expiration  of  the  tiae-out 
function  shall  initiate  appropriate  action,  e.g.,  error  recovery 
or  reissuance  of  the  P-bit.  The  duration  of  tiae-out  functions 
is  systea  dependent  and  subject  to  bilateral  agreeaent. 


The  following  time-oot  functions  represent  the 
requireaents,  and  do  not  preclude  other  tiae-out  functions 

9.1  Noraal  Respond  Opportunity 


The  Priaary  station  transaitting  a coaaand  with  the  P bit  set  to 
"1"  or  DP  with  P bit  set  to  "0",  anticipates  a response  and, 
therefore,  starts  a tiae-out  function.  The  tiae-out  function 
shall  be  stopped  upon  receipt  of  the  expected  response. 


9.2  Asynchronous  Respond  Opportunity 

The  Priaary/Coabined  station  provides  a tiae-out  function  to 
deteralne  that  a response  fraae  with  F bit  set  to,"1"  has  not 
been  received  to  a coaaand  frame  with  the  P bit  set  to  "1".  The 
time-out  function  shall  be  stopped  upon  receipt  of  a valid  fraae 
with  the  P bit  set  to  "1". 


A Priaary/Coabined  station  with  no  P bit  outstanding,  and  which 
has  transaitted  one  or  sore  frames  fcr  which  responses  are 
anticipated,  aust  start  a tiae-out  function  to  detect  the  no 
response  condition. 


The  Secondary/Coabined  station  provides  a tiae-out  function  to 
deteraine  that  a coaaand  fraae  has  not  been  received 
acknowledging  an  unsolicited  response  fraae (s). 


> 
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10.0  SWITCHED  NETWORK  CONVENTIONS 


Stations  connecter'  to  a switched  communications  network  say  be 
capable  of  operation  as  one  station  type  only  (e.g.r  a Priiary 
station,  a Secondary  station,  or  a Combined  station);  or  the 
station  may  be  configurable  as  (one  at  a time)  sore  than  one  of 
these  types.  The  capabilities  of  the  called  station  must  be 
known  at  the  calling  station  and  the  calling  station  sust  operate 
accordingly.  If  the  called  station  is  configurable  it  will:  i 

1.  implement  the  XID  command  and  response,  and 

2.  determine  which  station  type  (Primary,  Secondary,  or 
Combined)  to  invoke  by  recognition  of  either  the  remote 
station  address  or  identification  (XID). 

The  calling  or  called  station  will  initate  the  transmission 
interchange  first  depending  on  the  characteristics  of  the 
transmission  network.  When  initiated  by  the  Secondary  station, 
it  sends  a single  unsolicited  Supervisory  or  Unnumbered  response. 

When  initiated  by  the  Prinary/Conbined  station,  it  sends  any 
appropriate  command  with  an  appropriate  address. 


I 
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CALLING 
STATION | 


CALLED 

STATION 


PRIMARY 

STATION 


I I 

| SECONDARY  | 
| STATION  | 
I I 


COMBINED 

STATION 


| CONFIGURABLE 
t STATION 

I 


CONFIGURABLE 

STATION 


P = Primacy  Station 
S = Secondary  Station 
C = Combined  Station 

P/S/C  = Primary  and/or  Secondary  and/or  Combined  Station 
NA  * Not  Applicable 


FIGURE  10-1 
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11.0  CLASSES  OF  PROCEDORES 


All  classes  of  procedures  use  the  two  frame  formats  as  defined  in 
Sect  ion  3.0  FRAME  STR0CT0PE.  In  addition,  all  procedures  assume 
that  the  links  include  Primary  and  Secondary  stations  or  Combined 
stations.  Primary  stations  transmit  commands  (in  frames  with  or 
without  information),  and  Secondary  stations  receive  the  command 
frames  and  transmit  responses  (in  frames  with  or  without 
information).  Combined  stations  transmit  and  receive  commands 
and  responses  (in  frames  with  or  without  information) . The 
Primary/Combined  station  is  responsible  for  determining  which 
commands  to  send,  within  the  constraints  cf  the  standard. 


Procedure  differences  based  on  overall  system  consideration 
(e.g.,  network  configuration,  traffic  management,  etc.)  are 
accommodated  by  defining  three  modes  cf  operation  - Asynchronous, 
Normal  and  Balanced,  and  by  defining  three  classes  of  Procedures 
that  utilize  the  capabilities  of  these  modes  together  with  the 
exception  recovery  characteristics  specified  within  the  standard. 
Optional  Functions  are  defined  to  provide  additional 
capabilities.  Individual  classes  iipleaent  a prescribed  subset 
of  the  commands  and  responses  defined  in  Section  7.0,  COflHANDS 
AND  RESPONSES,  and  include  P/F  recovery  as  a minimum  capability 
as  defined  in  Sections  6.1,  6.5.2  and  8.2.1. 


The  three  Classes  of  Procedures  are  composed  of 


Three  types  of  stations:  Primary  stations 

stations  and  Combined  stations 


2.  Two  types  of  configurations:  Unbalanced  (for  Primary  and 
Secondary  stations)  and  Balanced  (for  Combined  stations). 

7.  Two  types  of  respond  opportunity:  Normal  and  Asynchronous 

Des Ignat  ion  Class  of  Procedures  description 

UA  Unbalanced,  Asynchronous  Response  Node,  Hodulo  8 

UN  Unbalanced,  Normal  Response  Node,  Hodulo  8 


Balanced,  Asynchronous  Balanced  Node,  Hodulo  8 


Classes  ua  and  UN  can  be  used  on  either  Unbalanced  or  Symmetrical 
configurations.  Class  BA  can  be  used  on  Balanced  configurations. 
See  Section  2.  2. 
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11-1.1  Dnbalanced/Symmetrical  Configuration 

Basic  Repertoire  of  Commands  and  Responses 


Commands 

I 

RR 

RNR 


*SXXN 

DISC 


Fesponses 

1 

SR 

RNR 

FHtIR 


* S X X M Comnand  is  SARH  for  OA  Class 
SHFH  for  OH  Class 

11.1.2  Balanced  Configuration 

3asic  Repertoire  of  Commands  and  Responses 


Commands 


Responses 


11.2  Optional  Functions 

Optional  functions  are  achieved  by  the  addition  or  deletion  of 
commands  and  responses  or  capabilities  to  those  present  in  any 
basic  Class  of  Procedures. 


0 Pt ion  Fu nctional  Description 


Seated  Chiagg 


Provides  the  ability  to:  Add  command:  XID 

- exchange  identification  cf  Add  response:  XID,  RD 
stations.  See  Sections 

7. 4.4.1  and  7.5.4. 1. 

- request  logical  disconnection 
• See  Section  7. 5.4. 2. 


Provides  the  ability  for 
more  timely  reporting  of 
E (S)  sequence  errors  to 
improve  TWS  performance. 
See  section  7.2.3. 
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Add  command:  REJ 
Add  response:  REJ 
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Provides  the  ability  for 
■ore  efficient  recovery  from 
N (S)  sequence  errors  by 
requesting  retransm ission  cf 
a single  I frate.  See  Secticn 
7.2.4. 

Provides  the  ability  to 
exchange  information  fields 
without  impacting  the  Send  and 
Receive  Variables.  See  Sections 
7.4. 2.1  and  7. 5. 2.1. 

Provides  the  ability  to 
ability  to  initialize  remote 
stations  and  the  ability  to 
request  initialization. 

See  Sections  7.4. 1.7  and  7. 5. 1.3 

Provides  the  ability  to 
perform  unnumbered  group 
polling  as  well  as 
unnumbered  individual  polling. 
See  Section  7.4.2. 2. 

Provides  for  greater  than  I 

single  octet  addressinq.  " 1 

See  Section  4.3. 

Limits  the  procedure  to 
allow  I frames  to  be  commands 
only.  • 

Limits  the  procedure  to  ! 

allow  I frames  to  be  responses 
only. 


Add  command:  SREJ 
Add  response:  SREJ 


Add  command:  DI 
Add  response:  01 


Add  command:  Sin 
Add  response:  RIH 


Add  command:  OP 


Ose  extended  addressing 
format  in  lieu  of  basic 
addressing  format. 

Delete  response:  I 


Delete  command:  I 


10  Provides  the  ability  to  Ose  extended  control  field 

use  extended  sequence  format  in  lieu  of  basic 

numbering  (modulo  128).  control  field  format.  Ose 

See  Section  5.2.2.  SXXME  in  lieu  of  SXXfl. 

11  Removes  the  ability  to  reset  Delete  command:  BSET 

the  Send  and  Receive  variables 
associated  with  only  one 
direction  of  information  flew. 

11.3  Consistency  of  Classes  of  Procedures 

Figure  11-1  gives  a summary  of  the  basic  command/response 
repertoire  of  the  two  Onbalanced  and  one  Balanced  classes  of 
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Procedures,  and  the  ccmmands/responses  of  the  Optional  Functions. 
In  the  Unbalanced  classes  the  Primary  station  coaaand  repertoire 
is  listed  on  the  left  side  of  each  class  and  the  Secondary 
station  response  repertoire  is  listed  on  the  right  side.  is  seen 
in  the  figure,  the  basic  repertoire  cf  all  Classes  of  Procedures 
is  identical  with  the  exception  of  a unique  set-node  coaaand  for 
each  class,  and  the  RSET  coaaand  which  is  used  in  the  3alanced 
Class  only.  This  repertoire  consistency  facilitates  the 
inclusion  of  aultiple  Classes  of  Procedures  in  a station  that  is 
configurable. 


11.4  Implementation  of  Classes  of  Procedure 


A station  conforms  to  a given  Class  of  Procedures  if  it 
implements  the  basic  repertoire  of  that  class.  To  implement  'see 
Appendix  A definition)  a Class  of  Procedures  (or  Optional 
Functions)  means: 


1.  A Primary  station 
responses  in  the  Class 
Optional  Functions). 


2.  A Secondary  station  has  the  ability  to  receive  all 
commands  in  the  Class  of  Procedures  basic  repertoire  (or 
Optional  Functions). 


3.  A Combined  station  has  the  ability  to  receive  all 
commands  and  responses  in  the  Class  of  Procedures  basic 
repertoire  (or  Optional  Functions). 


11.5  Method  of  Indicating  Classes  and  Optional  Functions 

Classes  of  Procedures  and  the  Optional  Functions  are  indicated  by 
specifying  the  mnemonic  designation  fcr  the  desired  Class  and  the 
number(s)  of  the  accompanying  Optional  Functions. 

11.5.1  Class  and  Option  (s)  Examples 


Class  TIN,  1,2,6  is  the  Unbalanced,  Normal  Response  Node  Class  of 
Procedures  with  the  Optional  Functicns  for  identification  and 
reguest  disconnect  (XID,RD) , improved  TVS  performance  (RBJ)  and 
unnumbered  polling  (UP). 


Class  BA, 2, 3,10  is  the  Balanced,  Asynchronous  Balanced  Mode  Class 
of  Procedures  with  the  Optional  Functions  for  improved  T8S 
performance  (REJ) , single  frame  retransmission  (SREJ)  and 
extended  sequence  numbering  (modulo  128)  . 

Class  UA,1,5  is  the  Unbalanced,  Asynchronous  Response  Node  Class 
of  Procedures  with  the  Optional  Functions  for  identification  and 
request  disconnect  (XID,RD)  and  initialization  (SIIi,RXN). 
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12.0  FRAHE  CHECK  SEQOENCB  (PCS)  GENERATION  AND  CHECKING 


This  section  specifies  the  PCS  generation  and  checking 
reguireaent s.  These  requireaents  ace  forauiated  to  detect  fraae 
length  changes  due  to  erroneous  addition  or  deletion  of  sero  bits 
at  the  end  of  the  frame  as  well  as  to  detect  errors  introduced 
within  the  frane. 

'2.1  PCS  Generation 

"''he  equations  for  PCS  generation  are: 


X»*  G (X)  » X*L  (XI 
P (X) 


JJIL 

Q (X)  ♦ P(X)  and. 


PCS  = L ( X)  ♦ R (X)  = R (X)  , 

The  arithmetic  is  modulo  2 and, 

MX)  = in  ♦ X»*  ♦ x»»  ♦ X»*  ♦ X 1 1 ♦ X‘°  ♦ X*  ♦ X«  ♦ X» 

♦ X*  ♦ X*  ♦ X«  ♦ X3  ♦ X*  ♦ X»  ♦ 1, 

R (X)  * The  reaainder  which  is  of  degree  less  than  16.. 

X * The  number  of  bits  represented  by  G(-X), 

P(X)  = The  CCITT  V.41  generator  polynomial  (X‘»  ♦ X»*  ♦ X* 

♦ 1)  , and 

G (X)  * The  messaqe.  polynomial.  It  includes  the  contents  of  the 
address,  control  ana  information  fields,  excluding  the  zero  bits 
inserted  for  transparency  (see  Section  3.7). 

The  generation  of  the  remainder  R(X)  differs  from  that  used  in 
conventional  check  sequence  generaticn  by  the  presence  of  the  X* 
L (X)  term  in  the  generation  equation.  When  the  PCS  generation  is 
by  the  usual  shift  register  technique,  the  X*L  (X)  tera  is  added 
in  either  of  two  ways: 

1.  Preset  the  shift  register  to  all  ones  rather  than  to 
all  zeros  as  in  conventional  generation  procedures. 
Otherwise,  shift  the  data  (G(X))  through  the  register 
as  in  conventional  procedures,  or, 

2.  Invert  the  first  16  bits  of  G(X)  before  shifting  iuto 
the  register  and  shift  the  remaining  part  of  G (X) 
through  uninverted.  This  requires  that  G (X)  contain  at 
least  16  bits. 

Whether  1 or  2 is  ased,  the  shift  register  contents,  after 
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shifting  through  G (X) , is  B(X).  These  contents  are  inverted 
bit-by-bit  and  transmitted  as  the  FCS  sequence. 

The  transoitted  sequence  is  always  (in  algebraic  notation) : 


12.  2 PCS  Checking 


The  received  sequence  will  be  denoted  rt*(x),  which  differs  from 
fl  (x)  if  transmission  errors  are  introduced.  The  checking  process 
always  involves  dividing  the  received  sequence  by  P(x)  and 
testing  the  remainder.  Direct  division,  however,  does  not  yield 
a unique  remainder  and  it  is  expected  that  in  nost  cases  the 
received  sequence  will  be  Modified  for  checking  purposes  by 
addition  of  terns  which  will  cause  the  division  to  yield  such  a 
unique  remainder  when  H*(x)  * M(x),  i.e.,  when  the  frame  is  error 
free. 


Two  classes  of  checking  equations  are  given  below 


In  this  case  the  unique  remainder  i‘s  the  remainder  of 
the  division  X^  L (X) 

P(X) 

When!*  = 0 the  remainderis  L(x)  (16  ones). 

When = 16  the  remainder  is  X»*  ♦ x*>  ♦ x»o  » x«  ♦ X*  ♦ X*  ♦ X »1 
(X»*  through  X*  respectively). 


In  this  case  the  unique  remaitder  is  always  zero  regardless 
of  the  value  of  f . 


Shift  register  implementation  of  the  above  equations  normally  use 
r = 16  (pre-multiplication).  When  this  is  the  case,  the  added 
tern  XK  L (x)  in  both  1 and  2 is  added  by  either  inverting  the 
first  16  received  bits  of  B*(X)  before  shifting  then  through  the 
checking  register  or  by  presetting  the  register  to  all  1's  and 
shifting  all  of  N*(X)  through  normally.  Thus  the  receiver  action 
on  the  l?ading  portion  of  a frame  is  the  sane  with  either  1 or  2. 

The  ♦ 1 of  the  term  (X*v1)L(x)  of  the  generation  equation  of  2 is 
added  by  inverting  the  PCS.  This  implies  a 16  bit  storage  delay 
by  the  PCS  function  at  the  receiver  since  the  location  of  the  PCS 
is  not  known  until  the  closing  flag  is  received. 
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• BORT:  A function  invoked  by  a sending  station  causing  the 
recipient  to  discard  (and  ignore)  ail  bit  seguences  transmitted 
by  the  sender  since  the  preceding  FLAG  SEQUENCE. 


LTCEPT:  The  condition  assuned  by  a station  noon  accepting 
correctly  received  FRAME  for  processing.  ?,  station  "ACCEPTS 
U'NMAMD/RESPONSE  when  the  COMMA  ND/RESPCNS2  encoded  in  the  CO'.(T 
' T SL  D of  the  RECEIVED  FRAME  is  ACTIONED. 


ACTIONS"  a RECEIVED  DON MAND/RESPONSE  «hen  i 
s)  the  functions  -succeed  in  the  :0MT50L  FILL 


Advanced  Data  Communication  Centro*.  Procedure 


DPP  ESS  ? 2210  'A ) : The  sequence  of  j.'jk  ;or  any  aui  .\i.  ole 
iont  if  ♦»- tended)  bits  immediately  fciicviao  the  ooening  “LAG 
:? AM  E identifying  the  SECONDARY/CCMBIHED  STATION  sending 
FSPOMSE  FRAME  (or  designated  to  receive  a COMMAND  FRAME). 


: DDR  ESS  FT  ELD  2TJERS10N:  Enlarging  the  .iDDRESS  FIELD  to  include 
more  addressing  i nf orraation. 


COMBINED  STATION;  That  STATION 
Balanced  LINK  LEVEL  operations.  A 
COMMANDS  and  interprets  RESPONSES 
COMMANDS  and  generates  RESPONSES. 


responsible  for 
COMBINED  STATION 
, and  interprets 


er  formina 
generat  es 
received 


COMBJND;  The  content  of  the  CONTROL  FIELD,  of  a COMMAND  FRAME 
sent  by  the  PRIMARY /COMBINED  STATION  instructing  the  addressed 
SECON DAHT/CO MB INED  STATION  to  perfom  some  specific  LINK  LEVEL 
function. 


COMMAND  FRAME:  All  FRAMES  that  are  transmitted  by  the  PRIMARY 
STATION  (or  by  a COMBINED  STATION  that  have  the  remote/ceceiving 
COMBINED  STATION  address)  are  referred  tc  as  COMMAND  FRAMES. 


COW  FIOUR  A BLE  STATION:  A STATION  is  CONFIGURABLE  if  it  has  as  the 
result  of  mode-setting  action,  the  capability  to  be,  at  different 
times,  more  than  one  type  of  logical  station;  i.e.,  PRIMARY 
STATION,  SECONDARY  STATION,  or  COMBINED  STATION. 


CONTROL  FIEL D (Cl : The  sequence  of  eight  (or  sixteen  if  extended 
control  field)  bits  immediately  following  the  ADDRESS  FIELD  of  a 
FRAME.  The  content  the  CONTROL  FIELD  is  interpreted  by  the 
receiving: 


1.  SECONDARY  STATION,  designated  by  the  ADDRESS  FIELD,  as 
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a COMMAND  instructing  the  performance  of  some  specific 
function. 


PRIM  ART  STATION,  as  a RESPONSE  froa  the  SECONDARY 
STATION,  designated  by  the  ADDRESS  FIELD,  to  one  or 
■ore  commands. 


COMBINED  STATION,  1)  as  a C OH HAN D instructing  the 
perfornance  of  soie  specific  function,  if  the  ADDRESS 
FIELD  designates  the  receiving  COMBINED  STATION,  2)  as 
a RESPONSE  to  one  or  aore  transaitted  COWHANDS  if  the 
ADDRESS  FIELD  designates  the  reaote  COMBINED  STATION. 


CONTROL  PIELD  EXTENSION:  Enlarging  the  CONTROL  FIELD  to  include 
additional  control  information. 


DATA  LINK:  An  asseobly  of  two  or  aore  terainal  installations  and 
the  interconnecting  line  operating  according  to  a particular 
■ethod  that  permits  information  to  be  exchanged;  in  this  context 
the  tera  "terminal  installation"  does  not  include  the  data  source 
and  the  data  sink. 


DISCARD:  A STATION  may  "DISCARD"  all  ct  part  of  a RECEIVED  FRAME: 


1.  A "DISCARDED"  FRAME  is  a RECEIVED  FRAME  whose  control  and 
inforaation  fields  are  not  examined  or  used;  i.e.,  the 
STATION  takes  no  ACTION  on  any  part  of  the  FRAME. 


2.  A "RECEIVED”  FRAME  aay  have  its  INFORMATION  FIELD  (I/OI) 
"DISCARDED",  i.e.,  the  CONTROL  FIELD  of  the  FRAME  is  used 
but  the  INFORMATION  PIELD  is  thrcwn  avay. 


EXCEPTION  CONDITION:  The  condition  assuaed  by  a STATION  upon 
receipt  of  a CONTROL  FIELD  which  it  cannot  execute  due  to  either 
a transmission  error  or  an  internal  processing  malfunction. 


FLAP  SBQPKNCB  (FI : The  unique  sequence  of  eight  bits (0 1 1 1 1 1 1 0) 
employed  to  deliait  the  opening  and  closing  of  a FRAME. 


FRAMP:  The  sequence  of  contiguous  bits,  bracketed  by  and 
Including  opening  and  closing  FLAG  SEQUENCES.  A valid  FRAME 
contains  at  least  32  bits  between  FLAGS  and  contains  an  ADDRESS 
FIELD,  a CONTROL  FIELD  and  a FRAME  CHECK  SEQUENCE.  A FRAME  aay 
or  aay  not  include  an  INFORMATION  FIELD. 


PRAM F CHECK  SEQUENCE  fFCSI : The  field,  immediately  preceding  the 
closing  FLAG  SEQUENCE  of  a FRAME,  containing  the  bit  seguence 
that  prowides  for  the  detection  of  transmission  errors  by  the 
receiving  STATION. 


HIGH  LEVEL:  The  conceptual  level  of  ccntrol  or  processing  logic 


- 64  - 


BSR  Z3.66 
X3S3U-589 
DRAFT  6 REVISION  2 
11  August  1977 


existing  in  the  hierarchical  structure  of  a STATION  that  is  above 
the  LINK  LEVEL  and  upon  which  the  performance  of  LINK  LEVEL 
functions  are  dependent,  e.g.,  device  control,  buffer  allocation, 
station  nanagement,  etc. 

IMPLEMENT;  A COHMAND/RESPONSE  is  IMPLEMENTED  if  it  is  part  of  the 
receiving  STATION'S  repertoire;  i. e. , the  receiving  STATION  is 
capable  of  decoding  and  ACTIONING  the  CONTROL  FIELD  in  the 
RECEIVED  CON  SAND/ RESPONSE. 

INFORMATION  FIELD  (INFO) ; The  seguence  of  bits,  ocurring  between 
the  last  bit  of  the  CONTROL  FIELD  and  the  first  bit  of  the  FBAHE 
CHECK  SEQUENCE.  The  INFORMATION  FIELD  contents  are  not 
interpreted  at  the  LINK  LEVEL. 

INTER  FRAME  TJJJE  FJLL:  The  sequence  of  bits  transmitted  between 
FRAMES.  This  standard  does  not  provide  for  time  fill  within  a 
FRAME. 

INVALID:  There  are  three  reasons  a RECEIVED  FRAME  may  be  INVALID: 

1.  An  INVALID  FRAME  is  one  that  is  not  properly  bounded  by 
two  FLAGS  (thus  an  ABORTED  FRAME  is  an  INVALID  FRAME)  or  one 
that  is  too  short  (e.g. , shorter  than  32  Bits  between 
FLAGS)  . 

2.  An  INVALID  COM  BAN D/RESPON SE  is  a FRAME  which  has  a 
CONTROL  FIELD  encoding  which  is  not  defined  in  this 
standard. 

1.  An  INVALID  N(R)  is  one  which  points  to  an  I FRAME  which 
has  previously  been  transmitted  and  acknowledged,  or  to  an  I 
FRAME  which  has  not  been  transaitted  and  is  not  the  next 
sequential  I FRAME  pending  transmission. 

LIES  LEVEL;  The  conceptual  level  of  control  or  processing  logic 
existing  in  the  hierarchical  structure  of  a STATION  that  is 
resDonsible  for  maintaining  control  cf  the  DATA  LINK.  The  LINK 
LEVEL  functions  provide  an  interface  between  the  STATION  HIGH 
LEVEL  loqic  and  the  DATA  LINK;  these  functions  include  (transmit) 
bit  injection  and  (receive)  bit  extraction,  ADDRESS/CONTROL  FIELD 
interpretation,  COMMA ND/BESPONSE  generation,  transmission  and 
interpretation,  and  FRAME  CHECK  SEQUENCE  computation  and 
interpretation. 
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PRIMARY  STATION:  That  STATION  responsible  for  Unbalanced  control 
of~the  D ATA~LINK.  The  PRIMARY  STATION  generates  COMMANDS  and 
interprets  RESPONSES.  Specific  responsibilities  assigned  to  the 
PRIMARY  STATION  include:, 


Initialization  of  (data  and  ccntrcl)  information 
interchange 


control  of  data  flow 


3.  Retransmission  control 


4.  All  recovery  functions  at  the  LINK  LEVEL 


RECEIVE:  A STATION  "RECEIVES"  a COMMAND  or  RESPONSE  FRAME  when 
the  Incoming  bit  configuration  is  bounded  by  two  FLAGS,  contains 
an  ADDRESS  FIELD  recognized  by  that  STATION,  and  has  a correct 
PCS. 


RESPOND  QPPORTnNIXY:  The  LINK  LEVEL  logical  control  condition 
during  which  a given  SECOND  ART/COMBINED  STATION  may  transmit  a 
RESPONSE  FRAME  (S). 


RESPONSE:  The  content  of  the  CONTROL  FIELD  of  a RESPONSE  FRAHB 
advising  the  PRIMARY/COMBINED  STATION  with  respect  to  the 
processing  by  the  S8CONDARY/COMBI NED  STATION  of  one  or  more 
COMMAND  FRAMES. 


RESPONSE  FRAME:  All  FRAMES  that  may  be  transmitted  by  a SECONDARY 
STATION-  (or  by  a COMBINED  STATION  that  have  the 
local/transmitting  COMBINED  STATION  address)  are  referred  to  as 
RESPONSE  FRAMES. 


SECONDARY  STATION:  That  STATION  responsible  for  performing 
Unbalanced  LINK  LEVEL  operations,  as  instructed  by  the  PRIMARY 
STATION.  A SECONDARY  STATION  interprets  received  COMMANDS  and 
generates  RESPONSES. 


SECONDARY  STATUS:  The  current  condition  of  a SECONDARY  STATIOI 
with  respect  to  processing  the  series  of  COMMANDS  received  from 
the  PRIMARY  STATION. 


STATION : The  word  "STATION"  unqualified  (i.e.,  not  proceeded  by 
PRIMARY,  SECONDARY,  or  COMBINED)  applies  to  all  three  types  of 
STATIONS:  PRIMARY  STATION,  SECONDARY  STATION  and  COMBINED 
STATION. 


This  appendix  provides  additional  explanatory  information  to 
assist  in  the  use  of  the  standard.  For  ease  of  reference, 
the  organization  of  this  appendix  is  identical  to  that,  of 
the  body  of  the  standard. 

B.3.4  Frame  Structure,  Infornation  Field 

Although  the  maxisun  length  of  the  infornation  field  is 
theoretically  unlimited  it  will  be  constrained  by  one  or 
■ore  of  the  following  factors: 

1.  Error  detection  capability  of  the  FCS 

2.  Channel  error  characteristics  and  data  rates 
3. Station  buffer  sizes  and  strategies 

4, Logical  properties  of  the  data 
B.3.1  Flag  Sequence,  and  3.8  line  Fill 

Although  this  standard  permits  the  closing  flag  of  one  frane 
to  be  the  opening  flag  of  the  next  frase,  it  sust  be 
recognized  that  in  certain  iaplenentations  this  Bay  result 
in  crisis  tine  problems.  Dnder  those  conditions,  it  nay  be 
necessary  to  transnit  interfrane  tine  fill.  The  asount  of 
tine  fill  sust  be  deterninea  by  prior  agreement. 


B.3.9 


IDLE  Link  State 


Detection  of  an  IDLE  link  condition  nay  reguire  the  use  of 
a tiner  or  an  alternate  clock  to  deternine  receipt  of  a 
continuous  one  condition  for  15  bit  tines  if  the  link 
configuration  does  not  provide  clock  signals  in  an  IDLE 
condition . 

B. 7. 4. 2.1  Onnunbered  Infornation,  UI,  Command 

A Secondary  Bust  respond  upon  receipt  of  a UI  connand  fraae 
with  the  P bit  set  to  the  response  shall  be  any 
appropriate  fraae(s),  one  of  which  will  have  the  F bit  set 
to  *1".  A 01  connand  with  the  P bit  set  to  *0*  solicits  no 
response. 
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APPENDIX  C 

4 

g 

EXAMPLFS  OF  THE  TJSE  OF 

r 

COMMANDS  AND  RESPONSES 

f 

The 

examples  in  Appendix  C are  offered  for 

ill ustrative 

; 

r 

purposes  only  and  should  not  be  interpreted  as 

establishing 

any 

protocol;  the  exchange  of  the  various 

command  and 

! 

response  frames  is  limited  only  by  the  rules  specified  in 
the  standard. 

The  notation  used  in  the  Appendix  C diagrams  is  illustrated 
below : 


y — i 


Flag  (i.e.,  frame  boundary)- 

-Frame  containing 
information 


n 


^Prame  without 
information 


UNBALANCED  NODE  OPERATION 


1 


f 


•Information  Format  Frame 
— Send  Sequence  Number 


Information  Frame;  i N(S),N(R)  P/F  « Poll  or  Final  Bit  set  to  "1" 


L 


Receive  Sequence  Number 
(next  expected  frame)  . 


Fxample: 


Pri  xmits:  12, 6P.  This  denotes  a Primary 
Information  format  frame  with  sequence  number  2, 
the  next  expected  frame  from  the  Secondary  is 
sequence  number  6 (frames  numbered  5 and  below 
are  therefore  acknowledged)  and  the  Poll  bit  is 
set  to  "1"  (i.e.,  the  Secondary  is  to  initiate 
transmission  with  Information  format  frames  if 
available) . 


Cl 
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Supervisory  command/response 


Supervisory  Frame:  XXX  N(?),P/P 


Poll  or  Pinal  bit  set  to  "1" 


Receive  Sequence  Nusber 


Pri  xmits:  RR?,P.  This  denotes  a Receive  Ready 
(RR)  command,  N(R)  = 2 (i.e.,  the  next  expected 

frame  from  the  Secondary  is  sequence  nueber  2)  , 
and  the  Poll  bit  is  set  to  "1". 


Unnumbered  command/response 


Unnumbered  Frame 


YYYY 


Pri  xmits:  SNPM,P.  This  denotes  a Set  Normal 
Response  Mode  (S  NRM)  command  with  the  Poll  bit 
set  to  "1". 


n!£A NCED  NODE  OPERATION 


Balanced  Node  operation  notation  is  identical  to  that  of  the 
Unbalanced  Mode  except  that  a station  address  must  be 
indicated  in  order  to  designate  the  frame  as  a command  of  a 
response . 


Information  Frame 


L-Address:  remote  station  address  indicates 

frame  is  a command;  local  station 
address  indicates  frame  is  a respon 

Combined  xmits:  A,I2,6P.  This  denotes  a command 
Information  Pormat  frame  with  sequence  nusber  2, 

*he  next  expected  frame  is  sequence  number  6 and 
the  Poll  bit  is  set  to  "1". 


Epigg.h 
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Supervisory  Frame;  A , XXX  N (P)  , P/F 

Example:  Combined  xmlts:  n,PR2fF.  This  denotes  a 

resoonse  Receive  Ready  (PR)  with  R(R)  3 2 and  the 
Final  hit  set  to  "1". 


Unnumbered  Frame: 


A , TTTT  , P/F 


Example:  Combined  xmit3:  A,SAB'1/P.  This  denotes  a Set 

Asynchronous  Balanced  lode  (SABK)  command  with 
the  Poll  bit  set  to  "1". 


NOTE:  Retransmitted  Information  Format  frames  are  shown 

with  a double  line:  i.e.,  b=  d • 
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APPLICABLE 

CLASSES 


TYPE  OP 
RECOYERY 
ILL  OSTRATED 


No  Errors 

1.1.1  Secondary  I Prases  only 

1.1.2  Primary  I Frames  only 

1.1.3  Primary  and  Secondary  I Frames 

Command  Frame  Frrors 

1.2.1  St art -Dp 

1.2.2  I Frame 

1.2.3  Pol  1 Prame 
Response  Frame  Errors 

1.3.1  Start- lip 

1.3.2  I 'Tame 

1.3.3  Pinal  Prame 

Command  and  Response  Frame  Errors 

1.4.1  Pri  I and  Sec  Pinal  frames 


2.  AH'*  - TWA  EXAMPLES 


No  Errors 

2.  1.  1 Secondary  I Frames  only 

2.1.2  Contention 
Command  Frame  Frrors 

2.2.1  Start-Dp 
Z.  2.2  I Frame 

2.2.3  Poll  Frame 
Response  Frame  Errors 

2.3.1  Start-tip 
2.  3.  2 T Frame 

2.3.3  Final  Frame 


No  Errors 

3.1.1  Secondary  I frames  only 

3.1.2  Primary  T Frames  Only 

3.1.3  Secondary  and  Primary 

I Prames 

Command  »rame  Errors 

3.2.1  I Prame 

3.2.2  I Prame 

I'-'sporse  Frame  Frrors 

3.3.1  I Frame 

3.3.2  I Frame 


REJ 

SREJ 
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APPLICABLE 

CLASSES 


TYPE  OF 
RECOVERY 
ILLPSTP  A 


Vo  Errors 

4.1.1  intermittent  I Frames  From 

Pri  R Sec 

4.1.2  Continuous  I frames  From 

Pri  5 Sec 

Command  Frame  Errors 

4.2.1  Start-up 

4.2.2  I Frame 

4.2.3  T Frame 

4.2.4  l Frame 

Response  cra«e  Errors 

4.3.1  I Frame 

4.3.2  I Frame 

4.3.3  I Frame 


REJ 

SRSJ 

P/F 


MODE  CHARGING  EXAMPLES 


NRM  to  ARM  - TWA  Examples 

5.1.1  Orderly  Change,  rri  R Sec 

I Frames 

5.1.2  Orderly  Change,  Pri  Only 

I Frames 

5.1.3  Orderly  Change,  sec  only 

I Frames 

HRM  *-0  APM  - TWS  Examples 

5.2.1  Immediate  Change,  Pri  R Sec 

I frames 

5.2.2  orderly  Change,  Pri  Onlx 

I Frames 

5.2.3  Orderly  Change,  Sec  Only 

I Frames 

ARM  to  NRM  - TWA  Examples 

5.3.1  Orderly  Change,  Pri  C Sec 

I Frames 

5.3.2  Orderly  Change,  Pri  Only 

I Frames 

5.3.3  Orderly  Change,  Sec  Only 

I Frames 

API  to  VP M - TSS  Examples 

5.4.1  Immediate  Change,  Pri  % Sec 

I Frames 

5.4.2  Orderly  change,  Pri  Only 

I Frames 

5.4.3  Immediate  Change,  Sec  Only 

I Frames 
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APPLICABLE  TTPE  OF 
CLASSES  RECOVERY 

ILLUSTRATED 


5.5 

NDM/ADM 

Examples 

5.5.  1 

NDM/ADM  to  ARM  - TWA 

nA 

• 

5.5.2 

NDM/ADM  to  NRP  - TWA 

UN 

- 

5.5.3 

ADM  to  API  - TWA,  Pri  Actions 

n A 

- 

Sec  Request,  for  mode  set 

5.  6.  4 

NDM/ADM  - TWA,  Pri  Refuses 

UA  and  UN 

- 

Sec  Request  for  mode  set 

6. 

closi  vn 

PROCEDURE  EXAMPLES 

8.1 

NR  M-TWA 

UN 

- 

6.2 

NRM-TNS 

ON 

• 

6.3 

ARM-TWA 

UA 

• 

6. a 

AFM-TWS 

nA 

* 

7.  ' 

EXCEPTION, 

RECOVERY  TWS  EXAMPLES 

7.  1 

r EJ  ♦ P./F  Rit  Exception  Recovery 

7.1.1 

NRM,  Sec  Receives  REJ 

UN 

REJ 

7.1.2 

NPM , Sec  Misses  REJ 

ON 

P/F 

7.1.3 

ARM,  Sec  Peceives  REJ 

UA 

REJ 

7.  1.  a 

ARM,  Sec  Misses  PEJ 

UA 

P/F 

7.2 

SREJ  6 RFJ  Exception  Recovery 

7.2.  1 

NRM  TWS,  Pri  Receives  SREJ 

UN 

SREJ 

7.2.2 

NRM  TWS,  Pri  Misses  SREJ 

ON 

SREJ 

7.2.3 

ARM  TWS,  Pri  Receives  SREJ 

UA 

SREJ 

7.2.4 

ARM  TWS,  Pri  Misses  SREJ 

UA 

SBEJ 

7.2.5 

ARM  TWS,  SREJ  Pissed  Twice 

n» 

SREJ 

0. 

BALANCED  CONTROL  OPER  * TTON  EXAMPLES 

8.1 

Continuous  I Prases,  No  Errors 

BA 

- 

8.  2 

Intermittent  I Frames,  With  Errors 

BA 

P/F 

8.  3 

Simultaneous  Mode-Setting  Actions 

8.3.1 

Contention  SABH-S ABM 

BA 

• 

8.3.2 

Contention  SAB P-SABM  (Errors) 

BA 

TO 

8.3.7 

Contention  PISC-DTSC 

BA 

— 

8.1.4 

Contention  DISC-DISC  (Errors) 

BA 

TO 

8.  3.5 

Contention  DISC-SABN 

BA 

• 

8.3.6 

Contention  DISC-SABH  (Errors) 

BA 

TO 

8.5.7 

Contention  SA3PE-SADM 

BA 

— 

8.1.8 

Contention  SABSE-SABM  (Errors) 

BA 

TO 

ran 
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TYPE  OF 
RECOVERY 
ILL  OS  TR  AT 


APPLICABLF 

CLASSES 


Continuous  Pri  B Sec  T Frames 
Continuous  Pri  6 Intermittent 
Sec  I Frames 

Intermittent  pri  B Continuous 
Sec  I Frames 


10.  STTTRTCAL  TMS  POl  NT-IO- PCI NT 


10.1  Star^-Pp/Continuous  Pri  8 Sec 

T Frames 

10.2  Start-np/Continuous  Pri  Only 

I Frames  (via  PNR) 

10.3  St.art-np/Continuous  Pri  Only 

I Prames  (Optional  Function) 


Examples 


Sec  xmlts 


Retransmitted  Frame 


Retransmitted  Frames 


Sec  xmits 


where  Primary  sets  Poll  bit  to  "1"  to  solicit  acknowledgement  for  several  frames) 


Optional:  Frame  may  be  completed  or  aborted 


Retransmitted  Frame 


Retransmitted  Frame 


4.2.2  ARM  REJ  capability 


TWA  ARM  to  NRM  Mode  Change 


5.5  Normal  Disconnected  Mode  (NDM)  Examples 


5.5.4  TWA  Secondary  in  NDM  (or  ADM) 

(Sec  indicates  it  is  disconnected,  and  Primary  refuses  to  send  set 
mode  command) 


C26 


Retransmissions 


7.1.3  AFM  — TVJS  with  Information  Frame  Exception 


7.2.5  Example  7.2.4  above  except  two  SREJ1  frames  received  in 


C33 


Contention  Between  SABME  and  SABM  (Errors) 
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9.0  Primarv-Secondarv  ARM  Two-Wav  Simultaneous  Point-to-Point  Operation 


Symmetrical  (Back-to-Back)  Primary-Secondary  Point-to-Point  TWS  Operation 
Reference  Figure  2-3  Configuration 


D1.  Description 


The  transnission  integrity  of  a received  aessage  is 
determined  by  use  of  a Frame  Check  Sequence  (PCS) . The  FCS 
is  generated  by  a transmitter,  inspected  by  the  receiver  and 
positioned  vitbin  a frame  in  accordance  with  the  following 
diagrams: 


Con  trol 


k bits 
G(x) 


16  bits 


n bits 
BU) 


The  procedure  for  using  the  FCS  assumes  the  following: 

1.  The  k bits  of  data  which  are  being  checked  by  the  FCS  can 
be  represented  by  a polynomial  G(x). 

Examples: 


a.  G (x)  * 10100100  « X7  ♦ X*  ♦ X*  ■ X*(X**X**1) 

b.  G(X)  * 00—010100100  • X»-H*VX*  *■  X*  (X**X**1) 


In  general,  leading  zeros  don't  change' G(x)  and  trailing 
zeros  add  a factor  of  X where  n is  the  number  of  trailing 
zeros . 


2.  The  Address,  Control  and  Information  field  (if  it  exists 
in  the  aessage)  are  represented  by  the  polynomial  G (x) . 


3.  For  the  purpose  of  generating  the  FCS,  the  first  bit 
following  the  opening  flag  is  the  coefficient  of  the  highest 
degree  tern  of  G(x)  regardless  of  the  actual  representation 
of  the  Address,  Control  and  Znforsation  fields. 


4.  There  exists  a generator  polynoaial  P(x) 
hawing  the  fors  P(x)  ■ X»**X»**X**1 


D.2  Generation  and  use  of  FCS 


The  FCS  is  defined  as  a one's  coaplesent  of  a remainder, 
B (x) , obtained  fros  the  sodnlo  two  diwision  of 


X»*  G (x)  ♦!*  (X»'+X,**X,**X,**X»**X«**I'*X'*X»*I»*X'*X'*X'*I**XH1) 
by  the  generator  poljnoaial  P(x). 


X»*  G U1*X*1I»»«X»» 


The  aultiplicatioh  of  6 fx)  by  1'*  corresponds  to  shifting 
the  aessage  G(x),  16  places  and  thus  prowiding  the  space  of 
16  bits  for  the  FCS. 


The  addition  of  X*  (X  is*X**~ *Xwl)  to  X»*  G (x)  is 

eguiwalent  to  inserting  the  first  16  bits  of  G (x) . It  can 
also  be  accoaplished  in  a shift  register  iapleaentation  by 
presetting  the'  register  to  all  aonesa  initially.  This  tera 
is  present  to  detect  erroneous  addition  or  deletion  of  zero 
bits  at  the  leading  end  of  H (x)  due  to  erroneous  flag 
shifts. 


The  coapleaenting  of  Hfx),  by  the  transaitter,  at  the 
conpletion  of  the  diwision  insures  that  the  transaitted 
seguence  H (x)  has  a property  which  peraits  the  receiwer  to 
detect  addition  or  deletion  of  trailing  zeros  which  nay 
appear  as  a result  of  errors. 

At  the  transaitter  the  FCS  is  added  to  the  X**  G(x)  and 
results  in  the  total  aessage  R (x)  of  length  kwl6f  where  R (x) 
* !»•  G (X)  ♦ FCS. 

The  receiwer  can  eaploy  one  of  seweral  detection  processes, 
two  of  which  are  discussed  here.  In  the  first  process,  the 
incoaing  R(x)  (assuaing  no  errors;  i.e.  H*(x)  * R(x))  is 


w* 

w 


multiplied  by  X1*,  added  to 
X 4 1)  and  divided  by  P(X)  . 


Since  the  transnissioa  is  error  free,  the  remainder  Br  (z)  will 
be  "0001110100001111"  (X»*  through  X°) . 

Br  (X)  is  the  remainder  of  the  division : X»*  Ltxl 

POD 


■here  L(x)  = XIS  4 X*4  ----4X4  1.  This  can  be  shown 
by  establishing  that  all  other  terms  of  the  numerator  of  the 
receiver  division  are  divisible  by  P (x) . This  will  be  done 
below. 


3ote  that  PCS  = E (x)  = L(x)+R(x).  (Adding  L(x)  to  a 

polynomial  of  its  same  length  is  eguivalent  to  a bit  by  bit 
inversion  of  the  polynomial.) 


The  receiver  division  numerator  can  be  rearranged  to: 

X»*[X»*  G (X)  4 X*  L (X)  4 B (x)  ] 4 X»"  L(x). 

It  can  be  seen  that  the  first  term  is  divisible  by  P(x)  by 
inspecting  the  transmitter  generation  equation,  thus  the 
X**L(x)  term  is  the  only  contributor  to  Br  (x)  . 

The  second  process  differs  from  the  first  in  that  another 
term  (X**L(x))  is  added  to  the  numerator  of  the  generation 
equation.  This  causes  a remainder  of  zero  to  be  generated 
if  B*  (x)  is  received  error  free. 

D.3  Implementation 

k shift  register  PCS  implementation  is  described  in  detail 
here.  It  utilizes  "ones  presetting"  at  both  the  sender  and 
the  receiver  and  the  receiver  does  not  invert  the  PCS.  The 
receiver  thus  checks  for  the  non-zero  residual  Br  (x)  to 
indicate  an  error  free  transmission. 


figure  D.1  is  an  illustration  of  the  implementation.  It 
shows  a configuration  of  storage  elements  and  gates.  The 
addition  of  Xk(X**4X»* 4X41)  to  the  X»*  G (x)  can  be 


i 


by  presetting  all  storage  elements  to  a binary 


accomplished 
value  "1". 


The  one's  complement  of  H (x)  is  obtained  by  the  logical  bit 
by  bit  inversion  of  the  transmitter's  a (x)  . 

Figure  D.1  shows  the  implementation  of  the  FCS  generation 
for  transmission . The  same  hardware  can  also  be  used  for 
verification  of  data  integrity  upon  data  reception. 


Before  transmitting  data,  the  storage  elements,  X^-l^are 
initialized  to  "ones".  The  accumulation  of  the  remainder 
B (x)  is  begun  by  enabling  the  "A*  and  thereby  enabling  gates 
G2  and  G3.  The  data  to  be  transmitted  goe^  out  to  the 
receiver  via  G2  and  at  the  same  tine  the  remainder  is  being 
calculated  with  the  use  of  feedback  path  via  G3.  Upon 
completion  of  transmitting  the  k bits  of  data,  the  “A"  is 
disabled  and  the  stored  B (x)  is  transmitted  via  G1  and  II 
while  G2  and  G3  are  disabled.  The  II  provides  the  necessary 
inversion  of  R (x) . 


At  the  receiver,  before  data  reception,  the  storage 
elements,  X0  - are  initialized  to  "ones".  The  incoming 
message  is  then  continuously  divided  by  P (x)  via  G3  ("A" 
enabled) . If  the  message  contained  no  errors,  the  storage 
elements  will  contain  "00011101000011 *1"  (1*»  through  1°)  at 
the  end  of  the  H*(x)  . 

Figure  D.2  is  an  example  of  the  receiver  and  transmitter 
states  during  a transmission  of  a 19  bit  G (x)  and  a 16  bit 
FCS. 


The  implementation  of  the  FCS  generation  and  the  division  by 
P (x)  as  described  in  this  Appendix  is  used  as  an  example 
only.  Other  implementations  are  possible  and  may  be 
utilized.  This  standard  only  reguires  that  the  FCS  be 
generated  in  accordance  with  the  rules  of  Sections  3.6  and 
12.1  and  that  the  checking  process  involve  division  by  the 
polynomial  P(x)  . Furthermore,  the  order  of  transmission  of 
B (x)  is  the  coefficient  of  the  highest  degree  term  first  and 
thereafter  in  decreasing  order  of  powers  of  x,  regardless  of 
the  actual  representation  of  fields  internal  to  H(x). 
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APPENDIX  E 


EXPOSTTOPY  PEN APKS 
for 

Anerican  National  Standard  for 
Advanced  Data  Communication 
Control  Procedure  (ADCCP) 


► 


A.  BRIEF  HISTORY 

"he  development  of  advance*  data  communication  control 
procedure  standards  began  in  late  1969  during  final  work  on 
the  American  National  Standard-Procedures  for  the.nse  of  the 
Communication  Control  Characters  of  American  National 
Standard  Code  for  Information  Interchange  in  specified  Data 
Communication  Links  (X3.29  - 19H)  . At  that  time,  it  vas 
recoqnired  that  X3.28  lacked  certain  desirable  interactive 
canabili* ies  that  would  be  impractical  to  incorporate  due  to 
the  basic  philosophy  of  the  standard.  Consequently,  several 
proposals  were  submitted  by  members  of  the  Task  Group  for 
n*»w  and  improved  procedures.  Similar  work  was  proceeding  at 
the  same  time  in  FCHA  and  ISO.  One  of  the  most  significant 
proposals  was  a tit-oriented  approach  to  link  control  that 
became  widei7  accepted  in  a short  period  of  time,  both 
domestically  and  internationally.  Domestically,  the 
resultant  control  procedures  have  ben  called  Advanced  Data 
Communication  Control  Procedures  (ADCCP).  Internationally, 
the  development  going  on  in  this  area  is  called  High-Level 
Data  Link  Control  (HPLC). 

"he  original  bit-oriented  proposal  and  most  of  the  work, 
both  domestically  and  internationally,  was  based  on  a 
dependent/single  sequence  number  per  frame.  In  late  1971,  a 
proposal  was  submitted  for  independent/rtua 1 numbering.  It 
was  the  general  concensus  a*  that  time,  both  domestically 
and  internationally,  that  the  net  advantages  over  the 
disadvantages  of  the  independent/dua 1 numbering  approach  was 
not.  great  enough  to  warrant,  working  on  the  two  procedures  in 
parrallel.  Consequently,  the  American  National  Standard  for 
ADCCP  - Dependent  Numbering  evolved.  Now  that  the  work  on 
d«pendent/single  numbering  is  complete,  the  efforts  of  the 
Task  Group  are  directed  toward  this  proposed  American 
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National  standard  for  ADCCP  - Independent  Numbering 


P.  FAIN  TECHNICAL  ARSUNFNTS  AND  RELATIONSHIP  WITH  ISC 


The  basic  objectives  of  the  Advanced  Data  Ccanunicaton 
Control  Procedures  are  to  provide; 


a)  Full  transparency  and  code  independence 


c)  A High  l®vel  of  reliability 


burin  the  four-year  period  of  ADCCP  development,  there  has 
been  active  liaison  with  both  the  EC HA  and  ISO  spheres  of 
interest.  As  a result  each  group's  activity  has  influenced 
that  of  the  other. 


